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WEAKFISH  MIGRATION  IN  RELATION  TO  ITS  CONSERVATION 

There  has  been  much  speculation  but  little  definite  knowledge  about 
the  migrations  of  the  fishes  which  summer  in  the  inshore  waters  of  the 
Middle  Atlantic  Bight.   It  has,  of  course,  long  been  known  that  many  of 
these  species  migrate  seasonally.  For  example,  the  bluefish,  butterfish, 
croakers,  scup,  sea  bass,  weakfish,  and  surimer  flounder,  disappear  from  in- 
shore waters  vdth  the  autumnal  chilling  and  return  lAdth  vernal  warming. 
Knowledge  of  their  winter  habitat  has  been  fragmentary.  Occasional  winter 
captures  of  "sunmer  fish"  have  been  reported  from  the  zone  of  moderate  temp- 
eratures along  the  edge  of  the  continent  from  the  latitude  of  Cape  Hatteras 
to  the  southern  edge  of  Georges  Bank.   The  establishment  in  the  winter  of 
1929-30  of  a  winter  fishery  for  some  of  these  fishes  off  the  Virginia  Capes 
(Pearson,  1932;  Nesbit  and  Neville,  1935)  and  the  results  of  tagging  experi- 
ments (Nesbit  and  Neville,  1935)  all  suggest  that  most  individuals  of  the 
several  species  of  shore  fishes  migrate  southward  as  well  as  offshore  in 
winter,  so  that  the  occasional  fish  captured  along  the  northern  part  of  the 
continental  edge  may  be  regarded  as  stragglers .  1/ 

Foremost  among  the  questions  raised  by  the  migrations  of  these  fishes 
are  those  concerned  with  the  unity  or  diversity  of  the  populations.   It  is 
of  economic  as  well  as  scientific  importance  to  know  whether  or  not  the 
populations  of  these  fishes  are  composed  of  many  local  races,  each  with  its 
own  peculiar  migratory  habits.   If  separate  population  units  or  races  exist 
and  remain  distinct  throughout  the  summer  fishing  season,  such  conservation 
measures  as  may  be  found  desirable  may  be  applied  by  each  locality  indepen- 
dently. If,  on  the  other  hand,  mixing  occurs  in  summer  as  well  as  in  winter, 
local  conservation  measures  will  be  ineffectual,  for  restrictions  in  one 
locality  may  be  expected  to  stimulate  fishing  activities  elsewhere  so  that 
the  strain  on  the  general  population  will  be  moderated  but  slightly,  if  at 
all. 

For  several  reasons  the  weakfish  (Cynoscion  regalis)  is  a  particularly 
desirable  species  for  study  of  this  problem.  It  moves  inshore  for  spawning 
in  summer,  and  withdraws  in  Xianter.   Its  scales  show  age  marks  with  remark- 
able clarity,  and  reveal  peculiarities  of  surface  pattern  by  which  local 
races  may  be  recognized.   Considered  solely  from  the  point  of  view  of 

1/  The  hydrography  of  the  continental  shelf  between  Cape  Cod  and  Cape 

Hatteras  has  been  discussed  by  Rathbun,  188?;  Parr,  1933;  Bigelow,  1926; 
and  Bigelow  and  Sears,  1935.   The  principal  hydrographic  features  which 
influence  the  movements  of  the  fish  are:  (1)  the  range  of  the  seasonal 
cycle  of  temperature  within'  th6  10-fathom  contour  '  s  so  ^;reat  (0°  to  h°   C. 
in  winter,  20"  to  25"  in  summer)  that  only  very  tolerant  species  can  be 
year-round  residents;  (2)  there  is  a  zone  along  the  edge  of  the  conti- 
nent where  moderate  temperatures  (8°  co  12°)  prevail  with  remarkably 
little  seasonal  or  annual  variation.  This  offers  a  winter  refuge  for 
species  that  do  not  tolerate  near-freezing  temperatures. 


adaptability  for  scientific  study,  the  eccn:>mic  importance  of  the  weakfish 
is  not  the  least  of  its  advantaf^es.   Quantitative  studies  of  widespread 
populations  in  nature  are  for  the  most  part  limited  to  species  for  which 
the  quantities  taken  are  recorded,  and  are  large  enough  to  permit  adequate 
sampling.  Of  all  groups  of  animals  the  fishes  are  the  most  favorable  from 
this  point  of  view;  and  of  the  fishes  the  weakfish  is  more  favorable  than 
most.  However,  although  all  ages  and  all  sizes  except  the  smallest  (less 
than  l5  centimeters)  are  iijell  represented  in  the  catches,  it  is  doubtful 
whether  the  samples  always  furnish  a  good  cross-section  of  those  contin- 
gents of  the  population  present  in  each  locality.   The  principal  clues  that 
have  led  to  understanding  the  rather  complex  movements  of  weakfish  have  be- 
come evident  on  comparing  the  stocks  of  fish  at  several  localities  as  to 
abundance,  size,  and  age  composition,  and  rate  of  growth.  These  clues  have 
led  me  to  erect  a  hypothesis  which  I  have  tested  with  tagging  experiments 
and  with  scale  studies. 


Comparison  of  Abundance,  Age  and  Size  Composition 
of  the  Catch  in  Various  Localities 

Catch  records. — Although  weakfish  are  taken  by  several  forms  of  gear 
(Table  1),  the  catches  from  pound  nets  have  been  chosen  for  this  study 
because,  (1)  pound  nets  account  for  most  of  the  catch  (for  the  period  1929- 
33,  inclusive,  78.2  percent) j  (2)  they  are  operated  over  the  whole  range  of 
the  weakfish,  from  Massachusetts  to  North  Carolina  providing  records  from 
many  and  widely-separated  localities:  (3)  with  minor  exceptions  they  are 
operated  through  the  entire  season  in  which  weakfish  are  present  on  the 
coast,  so  that  they  presumably  sample  all  classes  of  weakfish,  (sizes,  ages, 
races,  etc.)  while  other  forms  of  gear,  especially  mobile  gear  like  gill 
nets,  otter  trawls,  and  purse  seines,  are  selective  because  of  their 
sporadic  operations;  and  (h)   more  detailed  records  are  available  of  the 
catch  from  pound  nets  than  of  the  catches  by  other  forms  of  gear. 

For  this  study  records  of  pound-net  catches  have  been  taken  from  four 
sources;   (1)  Statistical  canvasses  conducted  by  the  United  States  Govern- 
ment since  I898  (Bureau  of  Fisheries,  Fish  and  Wildlife  Service,  Table  2). 
For  most  years  these  records  include  the  quantities  and  value  of  the  catch 
and  the  amount  of  gear  operated.  The  most  serious  defects  of  these  records 
are  lack  of  continuity,  and  inadquate  information  concerning  fishing  effort. 
For  example,  under  the  term  "pound  nets"  there  have  been  grouped  large  nets 
set  in  the  ocean,  small  nets  set  in  bays,  small  nets  set  for  eels  in  late 
autunn  after  the  departure  of  weakfish  and  other  shore  fishes,  and  for  some 
years  nets  set  primarily  for  the  taking  of  horseshoe  crabs.  These  several 
tjT^es  of  nets  differ  geratly  in  their  capacity  for  taking  weakfish,  and 
since  the  relative  numbers  of  them  have  varied  consiaerably  during  the 
period  covered  by  the  records,  it  is  not  possible  to  estimate  reliably  the 
catch-per-unit  of  fishing  effort  from  the  records  of  total  catch  and  the 
records  of  the  numbers  of  nets  operated.  A  further  fault  of  the  records 
is  that  they  do  not  permit  locality  grouping  smaller  than  by  counties. 
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Table  2,—  Catch  of  weakfish   ("t,rav  trout"),   Massachusetts   to  North  Carolina, 
by  certain  gear,   for  selected  years,   1879-193U. 

(In  pounds.     Does  not  include  catch  by  otter  trawl,    except  as  indicated) 


State  and 
year 


MASSACHUSETTS- 
1879....... 

1880 

1887  _.,... 
1888.  ...... 

1889.. 

1898.,,..... 

1902 . , 

1905  ...... 

1908. 

1919....... 

192)i....... 

1927, 

1928.. 

1929.. 

1930 

1931. 

1932 ....... 

1933....... 

RHODE  ISLAND? 

1879...=... 
1880....... 

I8O7 ........ 

1888....... 

1889....... 

1898....... 

1902 ....... 

1905....... 

1908,..,... 

1919....... 

192li....... 

1927....... 

1928....... 

1929....... 

1930„...... 

1931....... 

1932....... 

1933....... 


Pound  nets 
and  traps 


102 

lai 

201 
1,277 
3,70li 
5,021 
1,81;8 
5 
1 


,683 

,026 
,760 
,717 
.389 
,000 
,777 
,61|6 


,1426 
,363 

,137 
,U85 
,0148 


252,000 

255,850 

376,96ii 

2,930,600 

2,703,765 

2,6l48,2U0 

2,326^,000 

353,060 

56,75U 

'^7^567 
63,301; 
68,5U0 
U3,U5o 
51,137 
50,310 


Semes 


Gill  nets 


All  others 


a7,900 

114,500 

U5,327 

1,000 


7,000 
8,500 

li.,5oo 

18,250 

268,500 

380,210 

62,000 


2,000 


220 

10,680 
6,500 
3,500 
8,750 


l5,51i5 
22,050 
5,000 
26,100 
30,000 


9,000 

10,650 

21;,  750 

156,330 

107,850 

126,000 

26,000 


1,200 
1,825 

5,000 
1,800 

2,500 


26,988 
29,oU5 

214,200 

U6,000 

131,500 

92,000 


20,l405 
78,000 
68,335 
13,000 
800 
500 

21,li5 

56^925 
Uoo 
500 

1,750 


Total 


103, 310^/ 

2/' 
129,671 

170, 5i4U 

216,571 

1,371,910 

3,770,217 

5,22h,8l6 

1,971,000 

5,777 

1,61^6 

2/ 
3,l426 

h,363 
2,l48U 
3,137 
2,ij85 
2,Ol;8 


2/ 
326,000 

268,000 

275,000 

l406,2lli 

3,125,635 

3,158,115 

3,222,785 

2,U27,000 

353,86c 

59, 25ii 

2/ 

70,132 

65,129 
lul,])45 
52,150 
58,137 
63.310 


1/  Not  available  by  gear 
2/  Not  available 


Table  2. — Catch  of  weakfish   ("gray  trout"),   Massachusetts  to  North  Carolina, 
by  certain  gear,   for  selected  years,    1879-193U  (cont'd). 

(In  pounds.  Does  not  include  catch  by  otter  trawl,   except  as   indicated) 


State  and 
year 


COMECTICUT 
1879.... 
1880.... 
188?.... 
1888.... 

1889.... 

1898 

1902 

1905.... 

1908 

1919.... 
I92U.... 
1927.... 
1928.... 
1929.... 
1930.... 
1931.... 
1932.... 
1933.... 

NEW  YORK: 

1880 

1887 

1883.... 
1839.... 

1890 

1891 

1892 

1897.... 

1898 

1901.... 
190 14.... 
1908 .... 
1921.... 
1926 

1929.... 
1930.... 
1931.... 
1932.... 
1933.... 


Pound  nets    J 
and  traps      I 


Seines        I    Gill  nets 


101,300 
228,500 
170,000 
179,893 
372,820 
89,253 
163,000 

32,699 
23,985 
39,685 
28,U6o 
17,19U 
2U,000 
111, 260 
17,500 


392,720 
366,920 

1,591, 36i 
1,579,006 


1,8U8,700 
l,i486,5U5 
l,685,oai 
3,739,190 
U,  319, 000 
1,523,396 
658,217 

iiOO,6i;7 

h82,U6l 

1,016,679 

223,977 

65h,793 


a,  980 

h,a80 

6,8l40 

3,600 

10,6Uo 

US, 100 

12,000 

"uiii6 


63,703 

23,751i 

323 


281,860 
296,900 

U6U;578 
hoi, 030 

291,800 

197,800 

206,880 

1,956,635 

5,850,000 

210,815 

lUo,U89 

66,h50 

233,350 

290,665 

22h,257 

37,000 


lh,300 

13,180 

1U,2U0 

6,650 

6,250 

3,600 


175 

hOO 

U68 

1,500 


8I48 
750 


382,360 
331,000 

]i91,l82 
U38,517 

383,710 
351,255 
U09,757 
562,^35 
955,000 
l6a,765 
160,265 
19  5, 805 

20U,882 

1U1,3U9 

lUi,26l 

8h,6oo 


All  others 


13,900 
lU,iiOO 
15,565 
3,500 
18,010 
20,626 

5,000 

23,076 

3,270 
900 

5oo 
255 

8014 
3,800 
1,037 

9U0 


U47,620 
ii37,050 

ii2;587 
ii3U,  100 

37,317 
141,330 
15, 005 
8l,3U0 
27,000 
22,060 
llU, 2U0 
UU,6oo 
27,880 
15,350 
77,526 
33,500 


Total 


102,750 

13U,l48o 

260,560 

206,6145 

193,6143 

U07,720 

161,579 

180,000 

23,076 

140,385 

25,060 

140,585 

92,886 

143,252 

28,123 

l6,ll45 

19,190 


14,000,000  V 

l,5ol4,56o 

1,14314,870 

2,802,3l4l 

2,989,711 

2,852,653 

3/ 

2,561,527 

2,076,930 

2,3146,683 

6,339,600 

11,151,000 

1,921,036 

1,073,211 

707,502 

9148,573 

1,14614,0143 

670,001 

809,893 


3/  Not  available 

V^  not  available  by  gear 


Table  2.— Catch  of  weakfish  ("oray  trout"),  Massachusetts  to  North  Carolina^ 
by  certain  gear,  for  selected  years,  1879-1931  (cont'd). 

(In  pounds.   Does  not  include  catch  by  otter  trawl,  except  as  indicated) 


State  and 

Pound  nets 

Seines 

Gill  nets 

All  others 

Total 

year 

and  traps 

NEW  JERSEY: 

r;  / 

1880... 

l4,l430,OQ0|/, 

1887.......... 

c    0    ■    .    .    *    0 

2,376,:'Oo2/ 

1888 

130^756 

l,io3,99i 

50,882 

659, U71 

2,81:5  103^- 

14,716,3302/ 

1889.......... 

....... 

1890. 

878,507 

79J4,ioo 

198^365 

2,201,736 

14,073,008 

1891.. 

3,012,299 

775,600 

210,800 

2,003,861; 

6,002,563 

1892.., 



•     c    a     •     •     •    e 

^^'     ./ 

1897.......... 

6,  511,187 

762,295 

213,300 

1,207,250 

8,69ll,032±/ 

1898.......... 

7,129,288 

731,090 

202,150 

1,353, U22 

9,Ui5,95oI/' 

1901. 

10,508,U18 

l463,iihO 

271,075 

727,^31 

11,973, 39U 

I90I4.. 

9,318,001 

632,500 

Uo 1,600 

3U7,200 

10,699,301 

1908...... 

10,035,000 

815,000 

385,000 

579,000 

ll,8ll4,0C0 

1921.. 

8,8U3,800 

1,625,185 

935,122 

2li7,628 

11,651,735 

1926.. .... 

l4,25U,l57 

2,098,200 

700,330 

117,580 

7,170,267 

1929.......... 

6,l2ii,lS8 

2,l5o,iil3 

680,600 

l61i,559 

9,119,7^ 

1930. 

8,o5a,U6a 

2,311,605 

l;23,36o 

79,272 

10,868,701 

1931.......... 

,   7, li;9, 35U 

3,803,811 

339,993 

5l,3li3 

12,3ul4,501 

1932.. 

6,025,103 

1,852,01U 

208,1143 

5^375 

8,1143,635 

1933..... 

6,llo,5oo 

367,309 

216,370 

67,130- 

6,791,309 

DELAWARE J 

1880... 

2,6l8,5ooi/ 

1887. 

*««•»•• 

2,309,0U7 

13,752 

214,500 

2,377,299 

1888.......... 

••*•'••• 

2,Iil0,139 

26,a92 

15,100 

2,1451,731^, 

1889... 

....... 

3,211,90c5/ 

1890 ..... . 

3,037,600 

32,900 

31,500 

3,102,000 

1891.......... 

1,11U,900 

23,530 

26,300 

1,1614,730 

1892 

802,790 

16,660 

18,060 

837,510 

1897.......... 

23,600 

1,009,380 

361,900 

146,000 

1,14140,880 

1898.......... 

«      0      «      •      u      «     0 

6/ 

1901. 

500 

617; 635 

29,300 

75,000 

722, U35 

190li.......... 

300 

685,100 

13,300 

714,600 

773,300 

19080......... 

1,500 

2,ii69,000 

5,900 

115.600 

2,590,000 

1921. 

300 

8i;l4,625 

36,275 

5,350 

886,550 

1926.., ........ 

14,000 

750,880 

lU, 300 

2,700 

771,880 

1929.......... 

....... 

820,192 

181,250 

15,100 

1,016,5142 

1930.......... 

I400 

713,350 

l4Ul4,700 

76,275 

1,2314,725 

1931.......... 

320 

228,900 

lh9,75o 

21,057 

1400,029 

1932.......... 

....... 

56,600 

33,9U8 

I5^l4ll 

105.951 

1933.......... 

90,580 

31,150 

l,i45o 

123,180 

5/  Not  available  by  gear 
Z/   Not  available 


7/lncludes  conversion  of 

"salted"  to  basis  of  "fresh" 


Table  2. — Catoh  of  wealcflsh   ("gray  trout"),  Massachusetts  to  North  Carolina, 
by  certain  gear,   for  selected  years,    1879-1934   (cont'd). 

(In  pouais .     Does  not  include  catch  by  otter  trawl,  except  as  indicated) 


State   and 

Pound  nets 

Seines 

Gill  nets 

All  others 

Total 

year 

and  traps 

MARYLAND t 
1880 

•  »••••• 

»»••••• 

.60,000^ 

1887 

7,775 

54,320 

49,687 

419,746 

631,527 

1888 

10,775 

48,990 

72,390 

420,856 

553,011 

1889 

1/ 

1890 

93,679 

179,563 

83,975 

329,956 

687,173 

1891 

81,335 

197,560 

85,510 

386,060 

750,465 

1897 

394,109 

101,140 

11,426 

90,506 

597,179 

1901 

927,945 

25,090 

6,500 

60,240 

1,018,775 

1902 

•  •••••• 

y 

1904 

691,145 

26,100 

1,25© 

66,720 

785,215 

1908 

1,107,000 

8,800 

100 

76,100 

1,191,000 

1918 

y 

1920 

2,055,041 

165,060 

13,450 

54.939 

2,288,490 

1923 

•   »••••• 

1/ 

1925 

1,239,706 

206,218 

6,725 

28,660 

1,480,209 

1927 

H 

1928 

y 

1929 

2,696,602 

273,323 

2,600 

24,600 

2,997,125 

1930 

3,461,551 

258,396 

1,700 

32,000 

3,753,647 

1931 

1,883,497 

220,900 

28,678 

26,000 

2,159,075 

1932 

1,704,756 

82,053 

3,950 

14,600 

1,805,364 

1933 

996,111 

148,603 

5,740 

3,200 

1,153,664 

1934 

1,259,600 

202 , 700 

10,300 

5,100 

1, 477, 700 

VIRGIHIAt 

l,107,OOo2/ 

1880 

1887 

177,916 

761,380 

66,025 

104,127 

1,109,448 

1838 

278,674 

652,297 

75,260 

107,797 

1,114,028 

1889 

1/ 

1890 

1.969,368 

639,284 

67,478 

1,396,174 

4,072,304 

1891 

1,759,464 

687,585 

70,740 

1,412,110 

3,929,899 

1897 

5,184,128 

440,868 

33,025 

867,486 

6,525,806 

1901 

6,128,546 

361,770 

51,500 

889,680 

7,431,496 

1902 

1/ 

1904 

6,114,116 

379,885 

13,000 

444,067 

6,951,068 

1908 

3,463,000 

288,000 

61,000 

679,000 

4,491,000 

1918 

9/ 

1920 

12,305,652 

287,883 

48,437 

266,630 

12,908,502 

1923 

1/ 

1925 

11,790,230 

381,871 

159,010 

90,939 

12,422,050 

1927 

^ 

1928 

•  •  •                   • 

y 

1929 

8,072,549 

158,150 

116,227 

17,200 

8,364,126 

1930 

14,660,362 

641,300 

56,100 

28,200 

15,385,962 

1931 

9,996,040 

190,100 

9,100 

19,700 

10,214,940 

1932 

11,336,817 

371,088 

12,955 

13,682 

11,734,542 

1933 

1,754,530 

173,815 

7,490 

10,760 

11,946,595 

1934 

12,950,800 

156,800 

3,200 

19,200 

13,130,000 

8/  Not  available  by  gear 
9/  TJot  available 
16/  Includes   otter   trawls 


Table  2. — Catch  of  weakfish  ("^ray  trout"),  Massachusetts  to  North  Carolina, 
by  certain  gear,  for  selected  years,  1879-193U  (cont'd). 

(In  pounds.  Does  not  include  catch  by  otter  trawl,  except  as  indicated) 


State  and 
year 


NORTH  CAROLINA; 
1880. ....... 

1887 

1888 

1889 

1890 

1891 

1897 

1901 .... 

1902 

I90U 

1908 

1918 

1920 

1923. 

192$ 

1927 

1928 

1929 

1930 

1931 

1932 

1933....... 

193i4.. 


Pound  nets 
and  traps 


1, 
2, 


2, 

8, 


693, 


301 

O      0       O 

375 


118, 
58U, 
5033 


350 
000 
000 


3,1479,000 


Seines 


598,539 
77U,13h 


819,389 
U8l,ooo 
590,  hoo 

(,     u     o     o    c     o     » 

2,077,000 


Gill  nets 


775,697 
6112;  555 


355,390 
905,700 
532,500 

2,173,000 


All  other 


900 
200 

•  •  • 

500 


Total 


10,000li/ 

68l,788l|/ 

^36,505i|/ 

l,U78,25ol|/ 

1,598,25012/ 

13/ 
2,3ii2,8l3 

2,987, 709ii/ 

3,a737250l|/ 
2,521,055i^ 

3,070, h37 

13/ 
3,581,261; 

3,8h5,59iii|/ 

3,8l7,71li^ 

2,293,127 

2,971,200 

3,625,900 

13/ 
7,729,000 


ll/Not  available  by  gear 

12/  Estimated  total  of   "gray  trout"  only  frcn  reported  total   "Gray  and  spotted 

trout" 
13/  Not   available 
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(2)  Records  of  the  catch  of  licensed  pound  nets  in  New  Jersey.      Since 
1921  it  has  been  required  by  law  that  pound-net  operators  report   these  to 
the  Board  of  Fish  and  Game  Co iimis sinners    (Table  3).      These  records   are  con- 
tinuous  and  specify  location  of  nets.      Since  the  returns   are  on  an  annual 
basis,   seasonal  distribution  of  the  catch  is  not  recorded. 

(3)  Catch  records  transcribed  from  the  books  of  companies  and  persons. 

In  most  of  these,   daily  catches  were  recorded,    and  from  the  records  themselves 
or  froiTi  other  sources,    it  has  been  possible  to   determine  the  numbers  of  nets 
operated.      Of  special  interest  are  the  records  of  the   catch  of  the  pound-net 
fishery   conducted  by  the  Vail  family  between  I88L1   and  1923  in  ?ort  Pond  Bay, 
Montauk,  New  York,    (Table  h) ■      These  records   were  put  at  my  disposal   (with 
permission  to   oublish)    by  Capt.    Charles  Vail.     Th^  cover  the  entire  period 
of  the  remarkable  temporary  increase  in  abundance  of  weakfish  in  New  York 
and  southern  New  England   (Bigelow  and  Welsh,   1925)   in  the  first  decade  of 
the  present  century,    and  since  the  catches  were  recorded  daily,   it  is  pos- 
sible to   compare  the  seasonal  distribution  of  the  catches  before,   during  and 
after  the  period  of  abundance. 

(U)   Daily  records  of  pound-net   catches   kept  since  1928  by  pound-net 
operators  on  forins  furnished  by  the  United  States  Fish  and  Wildlife  Service, 
Many  of  these  records  include  accounts  of  the  numbers   of  nets  lifted  each 
day  as  well  as  the  numbers  in  operation  during   each  part  of  the  season. 

Save  for  interruptions  froia  storms  and  from  the  practice  of  occasion- 
ally withdrawing  the  nets  for  drying  in  order  to  kill  fouling  organisms, 
Dound-nets   are  fishin^;  continuously  even  though  the  catch  may  not  be  removed 
daily.     However,    some  fish  which  enter  the  net   escape,   for  Monday  catches, 
(nets  are   seldom  lifted  on  Sunday)    although  larger  than  Saturday  or  Tuesday 
catches,    are  on  the  average  somewhat  less   than  twice  as  large.      Since  detailed 
records  of  the  numbers  of  nets  lifted  daily  are  not  available  for   all  years, 
the  catch-per-lif t  could  not  be  computed  even  had  it  been  desirable  to  do 
so.      Consequently  the  average  catch-per-net  was   estimated  by  dividing  the 
total  catch  reported  for   each  locality  by  the  number  of  nets  operated  there 
during   the  period  under  investigation.     There  is  no  reason  to  suspect  that 
the  practice  of  lifting  nets   daily  on  week  days   chaniy,ed  significantly  dur- 
ing this  periodj  hence  the  average  catches-per-net  are  probably  comparable 
fixjm  one  year  to   another. 

Biological  observations . —   In  each  year  from  1928   through  1932,    field 
observers   stationed  in  certain  localities   where   pound-net   catches   are  landed 
measured  daily  a  number   (usually  50)    of  weakfish  taken   at  random  from  each 
pound-net  boat.      They  also  took  scale   samples,   usually  from  10   specimens  in 
each  sample  of  50 .      They  recorded  lengths   to    the   nearest   half -centimeter. 

For  localities   north  of  Delaware  Bay,    the  length  samples   were  grouped 
into  periods  of  varying  duration  so  that  as  nearly  as   could  be  determined 
by  inspection,    the  size  com.position  was   the   same     for  each  period.      In   the 
following  discussion  these  will  be  referred  to  as  grouped  samples.      I  then 


Table  3. — New  Jersey  State  Pound  Net  Records.  Summary  of  localities 


-BEACH 

HAVEN 

CAPE  MAY 

TOTAL 

Average 

catch 

Year      . 

Traps 

Pounds 

. Traps 

.      Pounds 

Traps 

.    Pounds 

per   trap 

1922 

31 

l,U3ii,266 

23 

795,777 

5U 

2,280,Oii3 

U2,223 

1923 

27 

1,391,953 

16 

700,732 

1x3 

2,092,690 

as, 667 

I92U 

30 

868,953 

13 

51iU,28l 

U3 

1,U13,23U 

32,866 

1925 

31 

2,00U,086 

12 

771,276 

]a 

2,775,362 

6a,5l3 

1926 

36 

l,U26,570 

19 

797,708 

5S 

2,22U,278 

ao,aai 

192? 

32 

1,150,379 

26 

963,170 

58 

2,113, 51i9 

36,aai 

1928 

31 

1,806,333 

18 

1,322,789 

19 

3,129,122 

63,860 

1929 

30 

2,363^h2U 

27 

1,913,286 

57 

ii, 276,710 

75,030 

1930 

27 

1,918,876 

38 

2,790,598 

65 

1^,709, U7U 

72,a53 

1931 

28 

I,6l40,3li9 

I45 

2,937,080 

73 

U,577,U29 

62,705 

1932 

28 

1,179,766 

37 

2,883,602 

65 

li, 063, 368 

62,513 

1933 

23 

l,5c5,liiU 

3h 

l,9li5,328 

57 

3,U50,U72 

60,535 

193U 

15 

1,127,587 

30 

^,100,768 

U5 

3,228,355 

7i,7ai 

1935 

28 

1,372,329 

30 

3,372,331 

58 

i;,7Uii,660 

81, 80a 

SEASI 

DE  PARK 

NOI 

ITHERN 

TOTAL 

1922 

21 

l,U30,8oo 

31 

1,566,311 

52 

2,997,111 

57,637 

1923 

21 

1,8U9,300 

30 

1,836,807 

51 

3,686,107 

72,277 

I92U 

21 

938,000 

27 

1,033, 22U 

ii8 

1,971,22U 

ai,o67 

1925 

21 

1,019,200 

29 

729,825 

So 

1,71+9,025 

3a, 931 

1926 

23 

913,850 

27 

809,930 

50 

1,753,780 

35,076 

1927 

19 

817,000 

26 

677,877 

hS 

l,a9a,877 

33,219 

1928 

21 

636,380 

26 

892,232 

hi 

1,528,612 

32,52a 

1929 

23 

582,395 

26 

7U3,608 

h9 

1,326,003 

27,061 

1930 

16 

720, 55U 

26 

1,10a, 158 

12 

1,32U,712 

a3,aa6 

1931 

19 

608,983 

22 

1,011,823 

Ul 

1,620,806 

39,532 

1932 

17 

5lii,UU7 

23 

ii62,lU7 

Uo 

976,59U 

2a,ai5 

1933 

16 

796,982 

lU 

9ii2,009 

30 

1,738,991 

57,966 

1931 

13 

501,325 

17 

552, 3U7 

30 

1,053,672 

35,122 

1935 

13 

360,975 

Ih 

587,785 

27 

9^8,760 

35,139 

10 


Table  4« — Mean  catch  per  trap  in  numbers  of  Weakfish  of  the  Vail 
Faodly  Pound  wet  Fishery  in  Fort  Pond  riay  ^Montauk, 
wew  York)  1884-1928, 


Apr.  27 

June  9 

Aug.  25 

Year 

Jime  8 

Au«.  24 

WoY.  23 

Total 

1884 

350 

832 

1562 

2744 

1885 

720 

1104 

1038 

2862 

1886 

340 

933 

673 

1946 

1887 

555 

1214 

793 

2562 

1888 

260 

2561 

1573 

4394 

1889 

1125 

7802 

636 

9563 

1890 

282 

2314 

1336 

3932 

1891 

123 

2384 

232 

2739 

1892 

195 

2804 

1006 

4005 

1893 

122 

2792 

132 

3046 

1894 

177 

3662 

643 

4482 

1895 

97 

1060 

113 

1270 

1896 

18 

5121 

605 

5744 

1897 

9 

2172 

435 

2616 

1898 

46 

2178 

405 

2629 

1899 

165 

U81 

621 

2267 

1900 

51 

2507 

508 

3066 

1901 

14 

2797 

540 

3351 

1902 

94 

9383 

2011 

11488 

1903 

204 

17743 

3659 

21606 

1904 

152 

11708 

1010 

12870 

1905 

n? 

3917 

773 

4802 

1906 

97 

3965 

399 

4461 

1907 

118 

8818 

2732 

11668 

1908 

129 

7921 

448 

8498 

1909 

63 

6508 

3362 

9933 

1910 

98 

8345 

514 

8957 

1911 

43 

5092 

196 

5331 

1912 

60 

893 

171 

1124 

1913 

15 

101 

365 

481 

1914 

42 

596 

210 

848 

1915 

24 

188 

2U 

453 

1916 

U3 

1740 

2008 

3891 

1917 

126 

1072 

386 

1584 

1918 

90 

299 

176 

565 

1919 

244 

462 

811 

1517 

1920 

229 

178 

100 

507 

1921 

210 

428 

176 

814 

1922 

123 

852 

223 

1198 

1923 

1690 

377 

131 

2198 

1924 

356 

197 

57 

610 

1925 

266 

78 

24 

368 

1926 

666 

201 

137 

1004 

1927 

327 

309 

131 

767 

Totals  - 

10,370 

137,089 

33,302 

180,761 
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weighted  the  resulting  length  distribution  for  each  such  period  according  to 
that  period's   average  catch-per-net,    the  records  being  obtained  as  in   (U) 
above.     The  computation  was  as  follows: 

^    -       N 
w    - 

where  N  =   number  of  thousands  of  fish  per  net  taken  during  grouped 

sample  period , 

W  «  average  weight  in  pounds  of  catch  per  net  taken  during 
grouped  san^jle  period, 

w  =  weight  of  sample  adjusted  to  1,000  fish. 

The  factor  w  is  estimated  from  the  length-weight  curve  of  Crozier  and  Hecht 
(19lli),  corrected  to  allow  for  the  weight  of  the  viscera  and  the  length 
frequency  data  of  the  grouped  samples.  Multiplying  N  times  the  percentage 
frequency  distribution  then  gave  an  estimate  of  the  number  of  fish  at  each 
length  caught  per  net.   The  grouped  samples  were  combined  by  addition  into 
longer  periods  shown  in  Tables  5  to  8  and  illustrated  in  Figures  1  to  U. 

In  both  northern  and  southern  localities  weakfish  are  sometimes  caught 
which  are  too  small  to  be  marketed.   These  have,  of  course,  been  omitted 
from  the  weighted  distributions.  For  some  localities  in  certain  years, 
the  length  data  are  fragmentary  or  the  catch  records  are  not  detailed  enough 
to  permit  weighting  the  frequencies.  Such  length  measurements  as  are  avail- 
able in  such  cases  are  presented  in  Table  9,    and  in  Figure  5  are  illustrated 
as  percentage  frequency  distributions. 

Age  Composition  of  the  Catches 

In  accordance  with  the  usual  practice  of  fishery  investigators,  the 
term  "year  class"  refers  to  the  year  spawned  and  "age  group"  to  the  age 
attained.  For  example,  all  weakfish  spawned  in  1926  belong  to  the  1926 
year  class.  During  1926,  when  they  are  less  than  one  year  old,  they  are 
members  of  age-group  0;  in  1927  they  are  members  of  the  I-group;  in  1928 
of  the  Il-group,  etc.  For  greater  c onvenience  in  discussion,  a  slight  de- 
parture has  been  made  from  this  custom,  Weakfish  spawn  in  spring  and  early 
summer  with  the  peak  of  spawning  between  the  middle  of  May  and  the  middle 
of  June.   If  the  rule  were  strictly  adhered  to,  fish  spawned  in  1926  should 
be  designated  as  members  of  the  0-group  until  about  June  1,  1927;  members 
of  the  I-group  between  about  June  1,  1927  and  about  June  1,  1928,  etc.  For 
the  sake  of  convenience  the  anniversary  date  was  arbitrarily  advanced  by 
about  one  month  so  that  all  fish  of  each  year  class  taken  during  the  summer 
fishing  season  in  a  given  calendar  year  may  be  considered  as  members  of 
the  same  age  group. 

Age  was  determined  by  an  examination  of  the  scales.  The  method  of 
age  analysis  was  based  upon  repeated  readings  of  a  large  number  of  scales 
taken  from  various  areas  along  the  coast  and  throughout  the  year  until 
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Fig.   1. --Weighted  len^h  frequenol««  of  w«akflih  tnken  ftt  Wlldwood,  H.   J. 
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Flc.   2.--w«t^ht«rt  l.tijrth  freouerole,   of  iie.itfHh  t»k«n  .t  Northern  «.   J. 
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Fig.   4. — W«lfrhted   length  frequencies   of  wealcfish  taken   at  Montaulc,   N.Y. 
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Table  6. — Weighted  length  frequencies  of  neakflsh  taken  in  northern  N.   J. 


Frequenoleo 

Spring 

Fall 

1928 

1930 

1931 

1928 

1930 

1931 

Length  in 

May  1   - 

May  1  - 

May  1   - 

S( 

apt.  1  - 

Aug.   31  - 

Aug.   30 

centimeters 

Aug.   31 

Aug.    30 

Aug.  29 

Nov.   22 

N( 

5v.   15 

Nov.   19 

24.0 

9 

14 

4 

. 

21 

« 

24.5 

32 

33 

- 

10 

- 

- 

25.0 

35 

42 

9 

- 

- 

- 

25.5 

57 

54 

16 

- 

- 

- 

26.0 

97 

82 

27 

5 

2 

- 

26.5 

110 

124 

18 

16 

2 

- 

27.0 

108 

144 

53 

- 

21 

- 

27.5 

124 

209 

46 

21 

- 

- 

28.0 

99 

226 

71 

35 

- 

- 

28.5 

93 

219 

74 

70 

3 

- 

29.0 

77 

224 

132 

106 

21 

- 

29.5 

59 

222 

105 

164 

33 

- 

30.0 

60 

160 

89 

398 

75 

- 

30.5 

46 

185 

124 

456 

65 

58 

31.0 

66 

116 

90 

647 

177 

- 

31.5 

87 

121 

119 

926 

94 

36 

32.0                    j 

155 

105 

60 

1 

,187 

231 

74 

32.5                   I 
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122 

143 

1 

,429 

450 

18 

33.0 
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108 

82 

1 

,745 

450 

58 

?3.5 

347 

81 

104 

2 

,1''3 

588 

219 

34.0 

383 

67 

76 

1 

,972 

,043 

293 

34.5 

469 

66 

75 

2 

,402 

,173 

226 

35.0 

538 

65 

84 

2 

,370 

,534 

469 

35.5 

556 

89 

93 

2 

,444 

,902 

507 

36.0 
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93 
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,237 

,801 

390 

36.5 

477 

123 

95 

2 

,109 

2 

,310 

399 
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473 
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107 

1 

,927 

2 

,393 

546 

37.5 

440 

142 
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1 

,594 

2 

,344 

663 

38.0 
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135 

1 

,398 

2 

,082 

629 

38.5 

357 

187 

149 

1 

,145 

2 

,506 

1,139 

39.0 

321 

2  35 

102 

846 

,904 

906 

39.5 

279 

294 

108 

653 

,762 

893 

40.0 

251 

325 

141 

542 

,548 

1,258 

40.5 

207 

268 

231 

392 

,669 

1,830 

41.0 

218 

300 

75 

315 

,325 

1,418 

41.5 

166 

271 

144 

255 

,124 

1,509 

42.0 

136 

262 

217 

195 

,015 

1,624 

42.5 

117 

290 

157 

2  35 

940 

1,554 

43.0 

94 

245 

175 

152 

887 

1,103 

43.5 

109 

200 

195 

136 

673 

1,333 

44.0 

79 

218 

166 

107 

770 

1,041 

44.5 

67 

174 

120 

51 

551 

986 

45.0 

51 

165 

119 

47 

458 

1,216 

45.5 

69 

144 

100 

63 

334 

702 

46.0 

52 

110 

102 

24 

355 

801 

46.5 

46 

96 

69 

20 

249 

560 

47.0 

49 

83 

69 

28 

187 

503 

47.5 

28 

63 

62 

39 

307 

356 

4'^.0 

27 

73 

27 

7 

240 

291 

48.5 

41 

51 

16 

4 

181 

286 

49.0 

28 

43 

12 

13 

151 

188 

49.5 

16 

37 

24 

15 

132 

220 

50.0 

22 

39 

38 

12 

58 

52 

50.5 

25 

22 

27 

9 

58 

73 

22 


Table  6.—  Weighted  length  froquenoies   of  weakf Ish  taken   in  northern,   N.   J.    (cont'dt) 


Frequencies 

Spring 

Fall 

1928 

1930 

1931 

1928 

1930 

1931 

Length  In 

May  1  - 

May  1  - 

May  1  - 

Sept.   1  - 

Aug.    31  - 

Aug.    30  - 

centime tera 

Aug .    31 

Aug.   30 

Aug.   29 

Nov.   22 

Nov.   16 

Nov.    19 

51.0 

22 

19 

11 

1 

48 

48 

51.5 

7 

18 

25 

- 

84 

36 

52.0 

6 

SI 

20 

5 

19 

28 

52.5 

IS 

25 

4 

6 

31 

36 

53.0 

1 

16 

11 

6 

65 

36 

53.5 

8 

17 

8 

- 

27 

36 

64.0 

8 

14 

9 

- 

60 

40 

54.5 

3 

22 

12 

- 

68 

- 

55.0 

3 

20 

16 

5 

12 

- 

55.5 

5 

54 

- 

8 

51 

- 

56.0 

8 

IS 

16 

- 

13 

- 

56.5 

6 

6 

« 

- 

- 

- 

57.0 

12 

15 

8 

- 

- 

- 

57.5 

2 

11 

4 

- 

27 

- 

58.0 

2 

5 

4 

5 

19 

- 

68.6 

1 

16 

- 

1 

12 

18 

69.0 

6 

7 

8 

- 

- 

- 

59.5 

1 

6 

12 

- 

12 

- 

60.0 

8 

8 

8 

- 

27 

^ 

60.5 

. 

S 

- 

1 

- 

- 

61.0 

2 

7 

12 

5 

- 

- 

61.5 

1 

4 

- 

- 

12 

- 

62.0 

- 

4 

- 

- 

12 

- 

62.5 

3 

8 

- 

5 

27 

- 

63.0 

3 

2 

4 

10 

65 

- 

63.5 

2 

6 

- 

6 

- 

- 

64.0 

1 

8 

. 

1 

12 

- 

64.5 

- 

2 

- 

5 

12 

- 

65.0 

- 

S 

- 

1 

. 

- 

65.5 

2 

5 

4 

- 

. 

- 

66.0 

1 

5 

- 

- 

12 

- 

66.5 

- 

2 

- 

- 

27 

_ 

67.0 

2 

- 

- 

1 

12 

. 

67.6 

2 

5 

7 

4 

12 

- 

68.0 

- 

1 

- 

5 

- 

•• 

68.5 

- 

7 

- 

1 

23 

. 

69.0 

4 

- 

- 

10 

12 

— 

69.5 

- 

7 

4 

- 

4 

- 

70.0 

- 

2 

- 

- 

- 

- 

70.5 

- 

2 

- 

1 

- 

- 

71.0 

- 

2 

4 

. 

- 

. 

72.0 

1 

3 

4 

4 

- 

- 

72.5 

- 

2 

- 

- 

2 

- 

73.5 

- 

2 

- 

- 

2 

- 

74.5 

1 

4 

- 

- 

4 

_ 

75    T 

- 

2 

- 

- 

> 

- 

76.0 

- 

2 

- 

- 

1 

_ 

77.0 

1 

2 

- 

- 

- 

- 

Total 

9,421 

8,150 

5,190 

33,241 

38,935 

26,714 
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consistent  criteria  of  interpretation  were  found.     The  method  was  confirmed 
by  a  quantitative  analysis  of  the  intra-circuli   distance.      In  all  the 
samples  examined,   those  taken  in  July  and  in  some  localities  in  the  early 
part  of  August,  were  impossible  to  interpret.      No   attempt  has  been  made, 
therefore,   to   estimate  the  numbers  of  fish  of  each  age  group  in  the  average 
catch-per-net  for  the  season. 

The  0   and  I-groups  were  oversampled  in  reading  the  scale  collections 
from  Wlldwood,   N.   J.  in  1931  and  1932  and  from  noihern  New  Jersey  in  1931« 
This  was  done  to   secure  as   many  representatives   of  this   group     as  possible 
in  the   sanroles  used  for  measuring  circulus  spacing,      Weakfish  older  than  the 
V-group  have  been  omitted  as    they  are  two  few  to  be  important. 

In  tables  10  to   20   each  age  group  is   represented  in  most  localities  by 
samples  from  more  than  one  year  class.      In  figures  6  to   8  these  samples 
have  been  combined  for  eiich  age  group  and  the  length  frequencies   are  given 
in  percentages,  owing  to    the  disparity  in  numbers  between  dominant  and  sub- 
dominant  groups. 

Judging  from  these  data,   it  appears  that  during   the  period  of  the 
study, 

1)  Juvenile  (0-group)   weakfish  were  taken  in  autumn  in  many  localities 
from  eastern  Long  Island  to  North  Carolina  (table  10,  figure  6) , 

The  nunfoers  in  these   samples  do  not  indicate  relative   abundance  in  the 
several  localities,  for  in  several  instances   special  effort  was  made  to 
secure  large  samples  of  0-group  fish. 

For  reasons  set  forth  later,  (Section  "Origin  of  Northern  Juveniles") 
it  is  an  open  question  whether  all  of  the  0-group  fish  were  spawned  in  the 
localities  where  they  were  captured  or  whether  rather  extensive  migrations 
had  occurred  between  spawning  in  June   and  capture  in  October. 

2)  The  length  frequency  distributions  from  localities   south  of  Delaware 
Bay  indicate  that  the  stocks  there  were  made  up  in  the  main  of  small  fish 
among  which  yearlings   (I=group)    were  well  r epresented.      In  North  Carolina, 
fish  of  this   age  group  were  present  through  the  whole  season,    (Higgins   and 
Pearson,   1927)  but  in  Virginia  they  were  not  numerous  until  midsiimmer   (fig. 
6). 

3)  North  of  Delaware  Bay  yearlings  occurred  in  significant  numbers 
only  in  southern  New  Jersey  (Wildwood  and  Beach  Haven).      There  they  did  not 
appear  until  midsummer,  but   they  did  not  constitute  more  than  20  percent  of 
the  catch  in  any  of  the  years  in  which  observations  were  made. 

Apparently  most  0-group  weakfish  winter  off  the  coast  of  North  Carolina, 
for  most  of  them  strike  in  there  in  spring  as   I-group  fish.     Perhaps   many  of 
the  I-group  fish  migrate  from  North  Carolina  to   Virginia  and  a  few  to   southern 
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Table  11,— Length  frequency  distribution  of  age   group  I 

weakfish,   spring  sample. 


Frequencies 

Length  in 

Chesapeake 

North  Carolina           Bay 

Exmore 

Montauk 

Centimeters 

iaiJ5 

1935 

1929 

1935 
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1930 
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1932 

15.0 
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16.0 

2 

. 

. 

- 

- 

- 

- 

- 

18,0 

3 

. 

- 

- 

— 

— 

_ 

- 

18.5 

- 

2 

> 

- 

- 

- 

- 

- 

19.0 
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Table  14.—  Length  Frequency  Distribution  of  kg9  Qroup  II  Weakf Ish,  Fall  Scople 


Frequencies 

Length  t 

C 
cm 

(orthl 
Caro- 
lina 

Chesapeake 
Bay 

ExBore 

WllQiiood 

Beach 
Haven 

Northern 
New  Jersey 

Fire  Island 

Uontauk 

1934 

1929  1931  1933  1934 

1929  1933  1934 

1928  1930  1934 

1930  1931 

1928  1930  1931  1934 

1930  1931  1934 

1929  1930  1931  1932  1934 

20 
21 
22 
23 

3 

2 

15 

3 

12 

U 

U 

15 

8 

5 

2 

3 

-  1        -        - 

-  2         -        - 

-  1         1        1 
13- 

4        2        3- 
9         4         5         2 

1  2      U        3 
9        17        1 
3        4        2        5 
7         -       17         5 
3        -        9      U 
3        -      10        5 

2  17        4 
18        1 

1-53 
2-21 

-  -         1         3 

3        1 

-  1        -        1 

-  -        -        2 

-        -         1 

_        _        - 

-         - 

-        -        -        - 

_        _        _ 

24 
25 

3         3 

-  -        6 
17         2 

-  9         3 
1       12         7 

1  16         - 
3       18         6 
3      13        4 

2  11         1 

-  13         1 

3  8        3 

-  6        3 

-  7         1 

-  3 

-  1        1 

-  9         - 
3        1 
3        - 

-  2         - 

-  3        - 
3       - 

-  2         - 

-  2         - 

-  1         - 

-  3        - 

^                 ft                 _ 

- 

-         -         -         - 

.         -        _ 

------ 

26 

1         1         1         -         - 

3  _        -        .        _ 

1  -        1       -        - 
6        -        -        -        - 

13  -        -        -        - 

14  1        -        -        - 
IB         -         2         -         1 
17         4         2         -         3 
23         6         1         -         3 
19         7         1-10 
23         8         2         -       10 

26  8         1         3       15 

27  5         5         -       21 
19         5         6         -       23 
13         5         4         -       27 
12         7         8        a       13 
L2         7         1         3       17 

6  8         4         5       13 

4  7         7         4       11 

7  3         7         8         1 

2  3         8         3         5 
7         4         5         5       11 

3  16         2         3 

2  14         3         4 

3  2         4         4- 
2         12         12 
1         -         -         1         1 
5-21- 

-         1         1         -         1 
1         -        -         1         1 
-         1         1         - 
1         .        _        -        - 
_         _        _         -         1 

27 
28 
29 
30 
31 
32 
33 
34 
35 

16      13        3 

26  28         4 

27  35        6 
33      37      12 

22  35        9 
29       28         5 

23  19         2 
8       28         5 

13       16         4 
4         2         3 
6         4         3 
2         4         5 
2         3         1 
6         1- 

-  1         - 
2         1 

-  2         - 

1 

1 

5         1 
2         1 
9         2 
7         2 

5  11 

6  9 
12       12 

5       21 

2  15 

-  22 

3  13 

-  13 
1       12 
1         8 
1         4 

5 

2 

1         1 

3 

1 

1 
1 

I    I    :    : 
1    1    -    - 

5         1         -         - 
7         6         -         - 

7  4         -         - 

8  4         11 

8  4         13 
16       15         -         1 
14        7         -         4 

7         7         2         5 

9  6         3         3 
7         2         4         8 

4  6         6         3 

5  3         6         4 
2         3         3         2 

2  6         9         4 

3  5         4         5 

-  U         3 
117         1 

2         8- 

1         -         4         - 

2         2- 

-  8         1 

-  -         5         2 

-  -         3         - 
1         -         1         - 

-  -        2         - 

-  2         - 

-  -         1         1 

-  -         1        - 

1         -         - 

1  -         - 

2  -         - 
2 

1  -         - 
5         1         1 
3 

112 
12- 

2  1 

-  2         - 

2  4         1 

-  2         2 

3  1 
111 
11- 

3-1 
1 

-  1        - 

-  -        1 

1  - 

2  2 

-  1        - 

-  -         2 

36 
37 
38 
39 
40 
41 
42 
43 
U 
45 
46 
47 

- 

-         -         -         1 

-  -         1 

-  -         1 

1         -        - 

- 

_        _        _        - 

1 
-         -         1 

1 

-  -         1 

-  -         1 

- 

-        _        _        - 

1 

-        -        - 

-        - 

_        _        _        _        1 

1         -        -        -         1 

TV 

-        -        -         - 

-        -        - 

-        -        - 

-      - 

-  -        -         1 

_        -         1         - 

-  -         -         1 

-  1         - 

-  1         - 

1        -        -        -         1 
^         1         -         -         - 

48 

- 

-        ■        _        _ 

_        _        - 

-        -        - 

- 

-         -        1         - 

-         -         _ 

49 
50 
51 
52 

53 

- 

-        -        _        - 

-        -        - 

_        _        _ 

-       - 

-        -        -        - 

-         _        _ 

1         -         -        _        _ 

Total 

93 

U       "X      94       53 

U     158       4t 

235     298       65 

63     159 

109       87      96       53 

24       27       15 

296     96        86       50     200 
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New  Jersey  in  rradsumraer.      It  is  far  more  likely  that  the  August  increase  in 
numbers  of  I-group  fish  in  Virginia  is  due  to   migration  from  the  group 
which  strikes  in  on  the  North  Carolina  coast  in  spring  than  that  they  rep- 
resent a  belated  wave  of  migrants  direct  from  the  winter  grounds,   for  by 
early  August,  vernal  warming  in  both  Virginia  and  southern  New  Jersey  has 
long  since  been  completed,    and  weakfish  of  older  age  groups   are  well 
represented  there. 

h)    Two-year-old   (age-group  II)   weakfish  are  well  represented  in  the 
samples  from  southern  New  Jersey  and  from  Montauk,  N.   Y.     In  only  one  year 
of  the  period  studied   (1929)  were  they  abundant   at  Fire  Island;   and  they 
were  present  in  northern  New  Jersey  only  in  minor  quantities   and  only  in  the 
sprin.^.      The  numerous   two  year  old  fish  at  Montauk  and  Fire  Island  in  1929 
was  not  preceded  by  an   abundance  of  yearlings  in  these  localities  in  1928. 
Furthermore  not  enough  yearlings  were  observed  in  southern  New  Jersey  to 
account  for  all  of  the  two  year  old  fish  seen  there  the  next  year.      These 
observations   suggest  that  most  of  the  two  year  old  fish  north  of  Delaware 
Bay  are  immigrants,  presumably  recruited  from  the  stocks  of  yearlings  in 
localities  south  of  Delaware  Bay  where  such  weakfish   are  regularly  present. 

5)  The  fish  of  three  years   and  more  constitute  the  bulk  of  the  catch 
only  in  northern  New  Jersey   and  (in  some  years)    at  Fire  Island.      This   sug- 
gests that  just   as   the  two  year  old  fish  in  southern  New  Jersey  are  immi- 
grants from  the  numerous  yearling  stocks  in  the  South,    the  older  fish  in 
northern  New  Jersey  and  at  Fire  Island  are  derived  from  the  southem  New 
Jersey  two  year  old  stocks. 

6)  The  rate  of  growth  of  weakfish  is  greater  in  northern  localities 
than  in  southern  ones.      For  example,   in  the  autumn,   three  year  old  fish  have 
modal  lengths  of  only  about  29  centimeters  in  Virginia,   32  centimeters  in 
southern  New  Jersey,    35  centimeters  in     northern  New  Jersey  and  UO  centi- 
meters at  Montauk   (fig.    7). 

7)  In  all  localities  where  samples  are  available  for  comparing  the 
sizes  of  spring-caught   and  fall-caught  weakfish,   the  fall  one  and  two-year 
old  fish  are,    as   might  be  expected  from  growth,    larger  than  spring  fish  of 
these  age   groups   (fig.   6).      This  is   also   true  of  age-groups  III,   IV,    and  V 
in  New  York  and  northern  New  Jersey   (fig.    7   and  8).      But  in  Virginia  and  in 
southern  New  Jersey  the  reverse  is  true.      The  fall-caught  fish  cf  these  age- 
groups  are  smaller  than  the  spring  fish.     This  is  just ^ what  would  be  expected 
if  some  of  the  spring  fish  in  these  localities  had  spent  one  or  more  of 
their  previous   summers  in  northern  New  Jersey  or  New  York  where  the  growth 

is  faster,    and  were  enroute  thither  when  taken.      That  this  phenomenon  is 
limited  to  the  Ill-group  and  older  fish  is   explained  by  the  lack  of  I-group 
fish  in  the  localities  where  growth  is  rapid.      Limitation  of  the  phenomenon 
to  Virginia  and  southern  New  Jersey  localities  is   explained  by  the  fact 
that  there  are  no  localities  where  growth  is  faster  than  in  northern  New 
Jersey  and  New  York,   hence  no  localities  whence  larger  fish  might  some  in 
spring. 
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Table  20.- -Length  frequency  distrlbutior.  of  age  grcup  V  weakflsh,    fall  sanple. 


Length  In 


Centimeters 


Frequencies 

North  Ca-  Chesapeake  Beach  '        "        — ^ 

rollna  Bay         Kxmore         Wlldwood  HaTen  Northern  Ke«  Jersey         Fire  Island  Kontauk 
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191         110         595 _- 
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27.0 
29.5 
30.0 
30.5 
31.0 
31.5 
32.0 
32.5 
33.0 
33.5 
3&.0 

3^.5 
35.0 
35.5 
36.0 

36.5 
37.0 
37.5 

38.0 
38 

39 

19 


^ 


Ul 

Itl, 

43.0 

M*.5 
U5.0 

^^5 

W.o 
1^.5 
't7.0 
|^7.5 
iw.o 
48,5 
l»9.o 
■♦9.5 
50.0 
50.5 
51.0 
51.5 

52.0 

52.5 
53.0 
53.5 
5^.0 
5^.5 
55.0 
55.5 
56.0 
56.5 
57.0 
57.5 

58.0 

58.5 
59.0 
59.5 
60.0 
60.5 
61.0 
61.5 
62.0 
62.5 
63.0 

^:^ 

6i*.5 
65.0 
65.5 
66.0 
66.5 
67.0 
68.0 
69.5 
73.0 
7^.5 
76.5 

Total 


8)  In  New  Jersey  most  of  the  catch  is  made  in  the  fall;  at  Montauk^ 
No  Y.5  it  is  made  in  the  sprin[^.  At  K.re  Island  when  spring;  catches  are 
large,  as  in  1929 j  the  fish  are  similar  in  size  to  those  taken  at  Montaukj 
but  when  the  fall  catches  are  large^  the  fish  are  similar  in  size  and  age 
composition  to  those  taken  in  northern  New  Jersey,   This   together  with 
the  observation  that  different  year  classes  have  dominated  the  Montauk  and 
the  New  Jersey  fisheries,  suggests  two  distinct  stocks  of  weakfish  north 
of  Delaware  Bay, 

The  movements  of  weakfish  indicated  by  the  foregoing  are  summarized 
below  in  the  form  of  a  hypothesis  which  will  be  tested,  and  in  some  respects 
elaborated,  by  tagging  experiments  and  studies  of  the  scales. 


A  Hypothesis 

First  period,  from  the  first  to  the  second  autumn. — Young  weakfish, 
(O-group^  resulting  from  the  year's  spawning  (which  takes  place  during  late 
spring  and  early  summer)  become  distributed,  by  fall,  all  along  the  coast 
from  Long  Island  to  North  Carolina.  During  November  and  December  they  mi- 
grate into  the  warm  waters  off  Virginia  and  North  Carolina,  where  they 
spend  their  first  winter.   In  the  following  sprin^;,  these  fish  (now  I-group) 
move  inshore,  most  of  them  sojourning  along  the  North  Carolina  coast,  pro- 
gressively fewer  from  there  northward.  Some  of  the  yearlings  remain  in  North 
Carolina  through  the  summer,  but  many  others  stay  no  longer  than  the  middle 
of  August.  Most  of  them  then  migrate  northward  along  the  coast  to  Virginia, 
but  a  few  which  had  spent  the  preceding  autumn  north  of  Delaware  Bay  (as 
0-group  fish)  go  as  far  as  New  Jersey. 

Second  period,  from  the  second  to  the  third  autumn.  —  iVith  the  autumnal 
cooling,  the  j'^earlings  at;ain  move  into  the  deeper,  warmer  offshore  water, 
probably  off  North  Carolina  and  Virginia.  There  they  spend  the  winter.  The 
following  spring  they  again  move  inshore,  (now  as  Il-group  fish)  to  North 
Carolina  and  Virginia,  some  of  them  to  New  York  and  New  Jersey.  During  sum- 
mer, there  is  a  general  movement  from  south  to  north,  bringing  fish  from 
Virginia  and  Nprth  Carolina  to  as  far  north  as  southern  New  Jersey.  Not 
all  of  the  Il-group  make  this  migration  for  they  are  usually  well  represented 
in  the  fall  samples  taken  in  southern  localities. 

At  the  end  of  the  period,  that  is,  by  the  third  autumn,  three  contin- 
gents of  weakfish  may  be  described  according  to  their  movements  during  the 
summer  just  finished;   the  first  which  had  remained  south  of  Delaware  Bay 
all  summer;  and  the  second  which  had  appeared  there  (mainly  in  southern 
New  Jersey)  in  midsummer;  and  the  third  which  had  appeared  in  New  York  in 
early  spring  and  remains  all  summer.   This  group  is  usually  only  in  eastern 
Long  Island;  occasionally,  as  in  1929,  at  Fire  Island. 

Third  period,  and  subsequent  periods,  from  the  third  to  the  fourth 
autumn,  the  f o urth  to  the  fifth,  etc.— The  Il-group  fish  of  these  three 
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contingents  migrate  in  late  autumn  to  winter  off  Virginia  and  North  Carolina, 
The  folloT^dng  spring  some  of  the  New  Jersey  contingent,  and  perhaps  a  few  of 
the  Southern,  migrate  to  New  Jersey,  but  most  of  both  contingents  appear  in 
the  inshore  waters  south  of  Delaware  Bay.  Most  of  the  Southern  contingent 
probably  remains  there  all  summer.   Most  of  the  New  Jersey  contingent  reaches 
southern  New  Jersey  in  the  middle  of  August,  and  part  of  it  reaches  no^'thern 
New  Jersey  and  the  western  part  of  Long  Island  (Fire  Island)  in  early  Septem- 
ber, The  New  York  contingent  migrates  directly  from  the  winter  grounds  to 
eastern  Long  Island,  N.  Y.,  where  it  remains  the  rest  of  the  summer. 

In  subsequent  periods  these  movements  are  repeated,  save  that  a  lai'ger 
proportion  of  the  IV-group  and  older  fish  of  the  New  Jersey  contingent  migrate 
to  northern  New  Jersey  and  to  Fire  Island  in  midsummer,  few  appearing  in 
southern  New  Jersey. 


Tests  of  the  Hypothesis 

Tagging  Experiments. — The  resiiLts  of  tagging  experiments  designed  to 
test,  and  where  appropriate,  to  modify  this  hypothesis,  are  presented  in 
Tables  21  to  25.  The  results  of  two  of  them  are  illustrated  in  Figures  ^ 
-md  10. 

In  all  of  these  experiments,  celluloid  belly  tags  were  used.   Since 
these  are  not  found  until  the  fish  are  cleaned,  many  were  returned  by  retail 
dealers  or  consumers,  frequently  from  inland  communities.   In  some  instancies, 
nothing  further  could  be  learned.   In  other  instances,  it  was  possible,  by 
correspondence,  to  trace  the  shipment  to  the  port  of  landing  nr  even  to  the 
actual  point  of  recapture. 

Even  those  reoorts  giving  only  the  locality  where  the  tag  was  found 
are  of  considerable  significance.  For  most  commercially  cau-,ht  fish  are 
consumed  in  fairly  well-defined  market  areas  near  the  ports  of  landing. 
Thus  probably  most  or  all  of  the  tagged  fish  reported  by  retailers  or  con- 
sumers in  Virginic.,  Mar^Aland,  the  District  of  Columbia  and  North  Carolina 
were  caught  south  of  Delaware  Bay,  while  laost  of  those  reported  from  New 
York,  Pennsylvania,  New  Jersey  and  Delaware  were  caught  in  or  north  of 
Delaware  Bay, 

Within  the  general  southern  market  area,  it  is  more  difficult  to 
allocate  the  less  definite  reports  between  North  Carolina  and  Virginia. 
The  great  majority  of  fish  traced  back  to  shipments  by  coastal  whole- 
salers in  North  Carolina  may  safely  be  assuraed  to  have  been  caught  in  North 
Carol3.na  waters.   But  it  cannot  safely  be  assumed  that  shipments  from  Vir- 
ginia coastal  wholesalers  consist  wholly  of  fish  caught  locally.  During 
the  years  when  these  experiments  were  carried  out,  a  considerable  part  of 
the  North  Carolina  catch  was  distributed  through  Virginia  dealers.   There 
was  also  considerable  overlapping  of  the  market  areas  served  by  North 

53 


81" 


80* 


79* 


78" 


77* 


76*  75*  74*  73"  72*  71*  70* 


J42« 


-41' 


X 

RECAPTURED  IN  1932 

o 

•               -    1933 

• 

-    1934 

D 

«               "    1935 

■ 

■               -    1936 

^ 

•               "    1937 

M. 

•    1938 

---,.^40' 


-39* 


38' 


37* 


36« 


35» 


34- 


33* 


-32* 


75* 


74*  73*  72*  71*  70* 


Fig.    3.— Loo«tion   of  reooTorlos   from  1932   tngRlnp  experiinent  at  Mo-tRuk,  K  .Y . 

54 


42*- 


4I» 


40' 


42' 


o 

RECAPTURED  IN  1933 

• 

II                .1    1934 

D 

"                "    1935 

■ 

II               M    1936 

^ 

II    1937 

A 

II               M    1938 

:40' 


39' 


-38«> 


-37' 


36" 


-35° 


■34' 


33° 


-32° 


75* 


73"  72"  7I'* 


70° 


Fig.   10. — Location  of 


eoovories  from  1923  taggine  sxperl.ent  off  S: 
65 


:xniore,   Virginia. 


Table  21. —  Recaptured  weakfish  from  the  October  1932  tagging  experiment  at 
Montauk,  New  York.   1,859  weakfish  tagged. 


Locality- 


Year 


1932  1933  193U  1935  1936  1937  193"" 


Total 
2 

1 
12 

3 


Caught  in  North  Carolina  waters 

Returned  by  retailers  or  consumers 
in  North  Carolina 

Caught  in  Virginia  waters 

Shipped  by  coastal  wholesalers  in 
Virginia 

Returned  by  retailers  or  consumers 
in  Virginia,   Maryland  or  the 
District  of  Columbia 

Caught  off  the  southern  New  Jersey 
coast  or  in  Dela^^^are  Bay 

Caught  off   the  northern New  Jersey 
coast 

Caught  in   Peconic   Bay^   New  York 

Caught  in  other  New  York  waters 

Returned  by  retailers  or  consumers 
in  New  York,   New  Jersey^   Delaware 
or  Pennsylvania 


No  data 


Total 


1 

1         11 


1 
1 


3 
lU 

5 


10 


h 
k 
1 

11 
1 


h9        25 


lii 
2 


18 


8 
1 


17 

10 

31 

6 

23 

1_ 

110 
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Table  22.— Recaptured  weakfish  from  the  October  and  November  1931  tagging 
experiment  in  lower  Chesapeake  Bay.  1,250  weakfish  tagged. 


Locality                  : 

Year 

1931 

1932 

1933  : 

Total 

Caught  in  North  Carolina  waters 

1 

3 

1 

5 

Shipped  by  coastal  wholesalers  in   ; 
North  Carolina 

- 

1 

1 

1 

Caught  in  Virginia  waters          ! 

1 

10 

- 

11 

Shipped  by  coastal  wholesalers  in   ! 
Virginia 

- 

1 

- 

1 

Returned  by  retailers  or  consumers 
in  Virginia,  Maryland  or  the       ! 
District  of  Columbia              j 

. 

2 

1 

:     3 

No  data 

- 

1 

- 

1 

Total 

2 

18 

3 

22 

57 


Table  23, --Recaptured  weakfish  from  the  October  1933  tagging  experiment  off 
Exmore_,  Virginia.   931  weakfish  tagged. 


Locality 

Year 

.1933 

193U 

193^ 

1936  1937 

1938  : 

Total 

Caught  in  North  Carolina  waters 

: 

2 

- 

- 

- 

2 

Shipped  by  coastal  wholesalers  in 
North  Carolina 

! 

1 

2 

-    - 

- 

3 

Returned  by  retailers  or  consumers 
in  North  Carolina 

; 

1 

2 

-    - 

- 

3 

Caught  in  Virginia  waters. 
(Outer  coast) 

3 

5 

- 

1    1 

- 

10 

Caught  in  Virginia  waters. 
(Chesapeake  Vay) 

; 

13 

2 

1 

- 

16 

Shipped  by  coastal  wholesalers  in   : 
Virginia 

; 

h 

2 

1 

- 

7 

Returned  by  retailers  or  consumers 
in  Virginia^  Maryland  or  the 
District  of  Columbia 

•   1 

7 

1 

1 

10 

Caught  in  New  York  or  New  Jersey 
waters 

- 

6 

1 

U    1 

1   : 

13 

Returned  by  retailers  or  consumers 
in  New  Yorkj  New  Jersey,  Delaware 
or  Pennsylvania                  ; 

3 

1 

2     1 

7 

No  data                         ; 

_ 

1 

•, 

_         _ 

. 

1 

Total            ; 

h 

h3 

11 

8    5 

1   : 

72 

58 


Table  2i;.— Recaptured  weakfish  from  the  October  1932  tagging  experiment  in 
Pamlico  Sound,   North  Carolina.      I,7h9  weakfish  tagged. 


Locality                                   ! 

Year 

-° 

1932 

1933 

193h 

1935 

1936 

Total 

Caught  in  North  Carolina  waters              ; 

65 

ii5 

11 

6 

1 

' 

128 

Shipped  by  coastal  wholesalers      in 
North   Carolina 

- 

19 

7 

2 

- 

° 

28 

Returned  by  retailers  or  consumers 
in  North  Carolina 

- 

23 

10 

2 

1 

I 

36 

Caught  in  Virginia  waters 

• 

10 

1 

1 

- 

0 

12 

Shipped  by  coastal  wholesalers  in 
Virginia 

' 

10 

5 

- 

- 

a 

15 

Returned  by  retailers  or  consumers 
in  Virginia,   Maryland  or   the 
District  of  Columbia 

t            ^ 

7 

3 

1 

— 

' 

11 

Caught  off  the  coast  of  southern 
New  Jersey 

k 

1 

- 

- 

- 

; 

1 

Returned  by  retailers  or  consumers 
in  New  York,   New  Jersey,   Delaware 
or  Pennsylvania 

»            ^ 

^ 

^ 

1 

~ 

• 
a 

1 

No  data 

•            - 

-. 

2 

- 

- 

» 

2 

Total 

':     65 

115 

39 

13 

2 

s 

23U 

59 


Table  25.—  Recaptured  weakfish  from  the  June  1937  tagging  experiment  in 
Pamlico  Sound,  North  Carolina.     2,200  weakfish  tagged. 


Locality- 

Year 

1937 

1938 

1939  ! 

Total 

Caught  in  North  Carolina  waters 

16 

6 

; 

22 

Shipped  by  coastal  wholesalers  in 
North  Carolina 

3 

U 

- 

7 

Returned  by  retailers  or  consumers 
from  North  Carolina 

16 

3 

- 

i    19 

Caught  in  Virginia  waters 

!     1 

2 

- 

3 

Shipped  by  coastal  wholesalers  in 
Virginia 

! 

- 

1 

1 

Returned  by  retailers  or  consumers 
in  New  York,  New  Jersey,  Delaware 
or  Pennsylvania 

t                         ^^ 

^ 

1 

:     1 

No  data 

I            h 

1 

_ 

5 

Total 

'   liO 

16 

2 

i    58 
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Carolina  and  Virginia  dealers.  Consequently,  in  allocating  reports  from 
retailers  and  consumers  and  from  Virginia  coastal  wholesalers,  reports 
from  both  sources  may  well  be  grouped  and  allocated  in  approximate  propor- 
tion to  the  numbers  definitely  assignable  to  the  fisheries  of  the  two  states. 

The  October  1932  experiment  at  Montauk,  N.  Y.  on  Long  Island  (Table 
21^  Figure  9)  was  designed  to  test  the  postulate  that  part  of  the  0-group 
weakfish  from  northern  areas  are  included  in  the  stocks  of  I-group  fish 
observed  in  the  South  the  following  season.  In  this  experiment^  1,859 
0-group  fish  were  tagged.  They   were  taken  from  pound  nets  at  Montauk,  They 
probably  represent  a  group  of  fish  which  spent  their  juvenile  summer  in 
Peconic  Bay  and  which  had  formed  into  schools  for  seasonal  migration  to 
southern  winter  grounds. 

In  1933,  18  of  k9   returns  were  from  southern  waters  or  from  the  southern 
market  area.  Of  the  remainder,  known  or  presumed  to  have  been  taken  in  the 
North,  Delaware  Bay  and  southern  New  Jersey  contributed  most  to  the  definite- 
ly located  recaptures.  Conspicuous  is  the  absence  of  definitely  located 
recaptures  from  the  tagging  locality  in  eastern  Long  Island. 

In  193U,  only  two  were  reported  from  the  southern  area.   In  contrast  to 
1933,  most  of  the  definitely  located  recaptures  were  in  northern  New  Jersey 
or  New  York  rather  than  in  southern  New  Jersey,  and  four  of  the  New  York 
recaptures  were  in  Peconic  Bay  near  the  tagging  locality. 

In  1935  and  subsequently,  not  only  were  nearly  all  of  the  returns  from 
New  York,  but  most  of  these  were  from  fish  taken  by   anglers  in  Peconic  Bay. 

The  remaining  experiments  were  conducted  in  southern  waters.  Most  of 
the  fish  recaptured  were  adults  (l-group  or  older)  when  tagged. 

Two  experiments  were  made  in  Virginia  waters.  In  the  October-November 
1931  experiment  in  lower  Chesapeake  Bay  (Table  22),  the  tagging  was  done  by 
W.  C.Schroeder.   All  of  the  few  returnes  from  this  experiment  were  from 
southern  localities  or  from  the  southern  market  area.  To  the  extent  that 
migration  ^as  observed  at  all,  it  was  southward  rather  than  northward. 

Results  of  the  1933  experiment  off  Exmore,  Virginia  ''Table  23  and 
Figure  10)  were  more  nearly  in  accordance  with  those  to  be  expected  from 
the  hypothesis.  Of  6?  returns  in  193U  and  subsequently,  for  which  data 
are  available,  20  or  nearly  30^  were  from  northern  localities  or  from  the 
northern  market  area. 

The  two  experiments  in  Pamlico  Sound,  North  Carolina  (Tables  2U  and 
25)  indicate  that  the  North  Carolina  sounds  do  not  contribute  materially 
to  the  northern  stocks.  Of  the  18U  returns  from  these  two  experiments  in 
■years  subsequent  to  the  years  when  the  fish  were  tagged  and  for  which  data 
are  available,  only  3,   or  1.6^  were  from  northern  waters  or  from  the 
northern  market  area.  A  somewhat  larger  movement  to  Virginia  waters  is 
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indicated.      If,   for  the  1932  experiment ^    returns  fro.n  the  southern  raarket 
area  including  those  traced  to  Virginia  coastal  wholesalers  be  allocated 
as  suggested  above,    a  total  of  19  recaptures  in  Virginia  waters  is  indi- 
cated.     This   corresponds  to  11. W  of  the  16?  returns  in  1933   and  subsequent- 
ly, for  which  data  are  available,      A  similar  computation  for  the  1937   experi- 
ment indicates   that  9»U^  of  the   recaptures   were   made  in  Virginia  waters. 

In  the  June  1937  experiment  in  Pamlico   Sound,   the  tagging  was  done  by 
W.    Co    Neville.     Most  of  the  fish  tagged  were  of  the  I-group  and  since  they 
were  just  beginning  their  second  season's  growth,   they  were  small.      The  com- 
bination of  the  small  size  of  the  fish  and  the  high   temi^erature  of  the  vacer 
In  June  probably  accounts  for  the  low  percentage  returns  from  this   experiment. 

This  experiment  was  particularly  designed  to   test  one  detail  of  the  hy- 
pothesis.     The  observation  that  I-group  fish  are  poorly  represented  in  the 
Virginia  catches  until  midsummer  while  they  are  abundant  in  the  spring  and 
early  summer   catches   in  North  Carolina  suggested  that  the  late  sunnner  I-group 
fish  in  Virginia  pass  through  the  North  Carolina  fishery  in  early  summer > 
The  results  of  the  experiment  do  not  bear  this  out.      It  appears   more  probable 
that  the  fish  taken  in  the  late  summer  run  in  Virginia  avoid  the  traps  until 
midsummer. 

The  October  1932   experiment  at  Montauk  was  based  on  0-group  iveakfish. 
The  results  indicated  a  strong  homing  instinct  for,    as  noted,      moso  of  the 
recaptures  in  1935  and  subsequently  were   traced  to  Peconic  Bay.     as  will  be 
seen  later,    there  is   evidence  from  studies  of  the  scales   that  a  sigrdficant 
part  of  the  northern  adult  stocks  cannot  be  identified  i.vith  the  northern  0- 
group  stocks,   hence  represent  immigrants  which  do  not  show  a  marked  homing 
instinct.      Unfortunately,    direct  evidence  from  tagging  that  southern  juven- 
iles  eventually  contribute  materially  to  the  northern  stocks  is  lacking. 
Of  the  returns  from  southern  experiments,    only  nine  were  from  fish  which  were 
juveniles   when  tagged.     Five  of  these,    tagged  in  North  Carolina  in  1932, 
were  all  from  southern  localities  or  from  the  southern  market  area.     Of  the 
four  returns  from  the  Virginia  experiments,    only  one  was   from  a  northern 
locality'-  (Cape  May,    New  Jersey)  . 

The  results  of  these  tagging  experiments  do   not  bear  out  the  hypothesis 
in  all  details.      The  1932  Montauk    experiment  indicates   that  only  a  part  of 
the  northern  juveniles  passes  through  the  southern  fishery.      Only  the  1933 
Exmcre  experiment  is   consistent  with  the  postulate  that  most  of  the  northern 
fish  of  the  Il-group  and  older  are  derived  from  the  southern  I-group  stocks. 
The  large  stocks  of  this  age  group  in  the  North  Carolina  sounds  and  in 
Chesapeake  Bay  appear  to   contribute  little. 

In   addition  to  their  contribution   to  the  understanding  of  migration, 
the  tagging   experiments   cast  some  light  on   mortality   rates.      Percentage 
recaptures  do   not  indicate  the  percentages   removed  from  the  stocks  by  the 
fishery,   for  the  weakfish  is   a  delicate  species,    subject   to   high  mortality 
as   the  result  of  tagging.      But  on   the   assumption  that    the  tags   are   retained 

62 


0) 

o 

< 


o 

UJ 

oc 

15 
I- 
UJ 
(T 

U. 

o 

UJ 

ffi 

Z3 


> 

< 
-J 
UJ 


100 
90 

80 
70 
60 

50 

40 


30    - 


20    - 


10    - 


9 
8 

7 
6 


5 
4 


2    - 


Fig.  11.- -Rates  of  decline  in  nuabers  of  tags  returned.  Upper  line  represents 
50  percent  rate  of  decline;  lower  line,  75  percent.  Symbols  as 
followss  X,  Montauk,  N.  T.,  1932;  circle.  Loner  Chesapeake  Bay, 
1931;  triangle,  Exmore,  Virginia,  1933;  square,  Pamlico  Sound,  N.  C, 
1932;  dot,  Pamlico  Sound,  1937. 
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indefinitely  by  the  survivors  of  the  tagging  ordeal,  and  on  the  further 
assumption  that  the  probability''  "^f  finding  the  tags  is  about  the  same  in 
each  of  several  years  after  tagging_,  the  rate  of  decline  in  the  numbers 
of  tags  returned  should  correspond  to  the  rate  of  decline  in  the  numbers 
of  fish  in  the  porjulation  represented  by  the  tagging  sample. 

Figure  11  represents  the  logarithms  of  the  relative  numbers  of  tags 
returned  in  each  year  for  each  experiment,  compared  with  lines  correspond- 
ing to  ^0%   and  7^%   rates  of  decline.   It  will  be  noted  that  most  of  the 
points  representing  the  southern  experiments  fall  within  these  lines,  while 
only  those  from  the  Montauk  experiment  lie  above  the  line  corresponding  to 
a  S0%   mortality  rate.   kTiether  this  difference  is  due  to  lower  fishing  in- 
tensity or  to  lower  natural  mortality  rates  in  the  northern  area  is  not 
known. 


Evidence  from  the  Scales 

Scales  maybe  used  to   distinguish  races  or  to  trace     migrations  if  the 
portions  of  the  scales  formed  while  fish  are  present  in  any  locality  are 
sufficiently  different  from  the  corresponding  portions  of  scales  formed  in 
other  localities   to  be  recognized  subsequently. 

Gilbert,   1919?    demonstrated  the  existence  of    distinct  races   anong  the 
sockeye  salmon   (Oncorhynchus  nerka)    spawning  in  the  Fraser  River  system  by 
means  of  differences  in  the  stream  growth  portion  of  the  -scales  of  salmon 
spawning  in  various  tributaries.      Lea,    1919,   obs'-'rved  that  the  annuli   ai'e 
more  sharply  defined  and  the  growth   zones  narrower  on  the  scales  of  young 
herring  from  northern  Norway  than  on  those  of  herring  from  the  southern 
part  of  the  West  coast,     Runnstrom,   1936,    applied  these  observations   to 
detailed  studies  of  the  subsequent  migrations  of  .young  herring  originating 
in  these  localities.     From  the   rriarked  differences  in  numbers  of  circuli  in 
the  first  growth  zone  of  the  scales   of  cod  living  north  of  Cape  Cod, 
Schroeder,   1930,   concluded  that  he  could  distinguish  the  stocks   living  in 
these  localities. 

In   the  present  study^   it  was  desired  to    extimate  the  proportions  in 
which  weakfish  originating  in  various   localities   are  mixed  in  the  adult 
stocks.      This  was  done  by  comparing  frequency  distributions  of  measure- 
ments of  the  mean  spacing b etween  a  selected  group  of  circuli  of  the 
first   growth   zone  of  the  scales  of  adult  weakfish  with  the  corresponding 
distributions  from  the  scales  of  0-group  weakfish  from  three  areas;     New 
York-New  Jersey  (hereinafter  designated  as   "Northern") ,   Virginia  and  North 
Carolina. 

Ten  marginal  circuli  of  the  lateral  field   (Figures  12  and  13)    were 
chosen  for  measurement.      The  scales  were  examined  directly  with  a  binocu- 
lar dissecting  microj^cope  and  measurements  were  made  with  a  comparator 
in  units   of  l/2liOO  inch.      Marginal  circuli  were  chosen  b  ecause  the  spacing 
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Fig.  12.-"  Scale  of  juvenile  weakfish.  Dark  bar  shows  10  marginal  circuli  measured. 
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Fig.  13.-- Scale  of  adult  weakfish.  Dark  bar  shows  10  marginal  clrculi  measured. 
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is  more  uniform  than  between  those  near  the  focus.  The  lateral  field  was 
chosen  in  preference  to  the  anterior  field  because  the  coarser  spacing  of 
the  former  facilitates  counting  and  because  there  is  closer  agreement  be- 
tween several  scales  taken  from  the  same  fish.  The  vddth  of  the  band  com- 
prising ten  circuli  was  measured  from  three  scales  from  each  fish.  Fre- 
quency distributions  of  the  averages  of  these  three  measurements  are  pre- 
sented in  Tables  26,  27  and  28.  In  Table  26,  only  those  0-group  weakfish 
taken  in  October  or  November  are  included  in  order t o  exclude  individuals 
which  had  not  cortpleted  their  growth  for  the  season. 

An  examination  of  these  frequency  distributions  indicates  differences 
between  year  classes  at  the  same  location.  As  an  example,  an  analysis  of 
variance  of  the  Montauk,N.Y.  samples  for  1930,  1931,  1932,  and  193U  gives 
the  following  results: 

Degrees  of  Sum  of        Mean 

Source  Freedom  Squares        Square 


Total 

lie 

Mean 

1 

Years 

3 

V/ithin  Years 

112 

5.3 


667, U3U 

663, 38U 

85 

3,965 

?<.  0.01 


28.33 
5.3h 


Since  there  are  significant  differences  in  meaj:urements  between  differ- 
ent year  classes   at  the  same  geographical  location,  it  is  necessarj''  to 
seoarate  year  classes  before  making  any  comparison  between  geographical 
areas.     From  table  26,    measurements  can  be  obtained  for  the  193U  C-group 
■weakfish  for  North  Carolina,   Virginia   (Exmore  and  Chesapeake  Bay) ,   and 
northern  localities    (wildwood,   N.   J.,    Northern  New  Jersey,  and  Montauk, 
N.    Y.) .      Analysis  of  variance  gives: 


Source 

Degrees  of 
Freedora 

Sum  of 
Squares 

Mean 
Square 

Total 
Mean 
Areas 
Vfithin 

Areas 

999 

1 

2 
996 

F  =  105. 1;7 

850,626 

81i5,329 

926 

h,371 

?<-  0.001 

1;63 
1.39 

The  (differences   indicate  separate  populations —   a  southern  group   and 
a  northern  group.      The  difference  between  Nort>  Carolina  and  Virginia, 
however,   is  not  significant   (F  =  0.29,    d.f.     =  1  and  233,   P>  0.05)  . 

It  has  been  sho^m  that  differences  exist  between  year  classes  in  the 
same  locality.      To  learn  whether  I-group  fis'i  spend  their  first  summer  in 


67 


Table  2b.— Frequency  distributions  of  O-^oup  weakflsh  according  to  tne  mean  spacing  between  the  10 
laarglnal  circuli  of  the  lateral  field  of  scales  collected  in  October  and  November 


Locality  of 
collection 

Units 

(1/2A000  inch) 

20 

21 

22 

23 

24 

25 

2b 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Total 

North  Carollnai 
1933 
1934 

1 

nyiH~   Njin^  NijflH 

tsr  bsjc  isn 

1    6    U 
-    1     2 

24 

1 

iiiUi-  Nujn-  ^\]in~   wum-  wu»-  Wugt-  Num- 
ber ber  ber  ber  ber  bar  pey 

27   20   11   10    1    1   - 
10   22   U    3    4    1   - 

Hum- 

NUHH 

ksr 

116 
58 

Total 

- 

1 

1 

7 

16 

25 

37 

42 

25 

13 

.  5 

2 

- 

- 

- 

- 

- 

- 

- 

174 

Virginia i 

Chesapeake  Bay  — 
1931 
1933 
1934 

_ 

- 

1 

- 

1 
2 

4 

1 

3 

12 

3 
10 

1 
13 

1 
12 

7 

3 

2 

- 

- 

- 

- 

_ 

7 

3 

66 

TotaJ 

_ 

_ 

1 

- 

3 

4 

16 

13 

U 

13 

7 

3 

2 

_ 

_ 

- 

- 

_ 

- 

76 

Biaore  — 

1933 
1934 

- 

- 

1 

1 
1 

7 
4 

13 
17 

24 

44 
22 

58 

19 

48 

19 

33 
7 

17 

1 

8 

3 
1 

- 

- 

- 

- 

258 
111 

Total 

- 

- 

2 

2 

U 

30 

42 

66 

77 

67 

40 

18 

9 

4 

_ 

- 

- 

- 

369 

Grand  total 

- 

- 

3 

2 

U 

34 

58 

79 

91 

80 

47 

21 

11 

4 

- 

- 

- 

- 

U5 

Northern  localities > 
Wlldwood,  N.  J,  -,, 
1930 
1932 
1934 

- 

^ 

- 

- 

-) 

5 

1 
12 

1 

1 

23 

4 
3 

3 

9 

39 

20 
3 

12 

7 
10 

3;? 

4 
9 

17 

2 
5 

6 

1 

3 

1 

1 

1 

_ 

46 

44 

201 

Total 

•> 

5 

13 

25 

a 

42 

55 

49 

30 

13 

4 

2 

T^ 

™ 

291 

Beach  Haven,  N.  J.- 
1930 

1 

1 

_ 

3 

Total 

_ 

» 

_ 

_ 

. 

_ 

_ 

« 

« 

» 

1 

_ 

1 

_ 

_ 

« 

_ 

_ 

3 

Northern  New  Jersey 
1930 
1931 
1934 

- 

- 

- 

- 

- 

1 
2 

2 
6 

2 

1 
12 

4 
2 

32 

8 

1 
55 

7 

8 

59 

6 

3 

U 

2 

2 

30 

5 

2 

U 

2 

6 

1 
7 

1 
2 

1 

- 

42 

19 

275 

Total 

- 

- 

- 

- 

- 

3 

8 

15 

38 

64 

74 

53 

40 

21 

8 

8 

3 

1 

_ 

336 

Fire  Island,  N.  y.. 
1929 
1930 
1931 

- 

- 

- 

- 

- 

1 

- 

2 

4 
1 

1 

1 

6 
8 
3 

5 
4 
1 

6 

1 
1 

1 
2 

2 

2 

1 

- 

- 

- 

26 
17 
10 

Total 

- 

- 

- 

- 

- 

1 

- 

2 

5 

2 

17 

10 

8 

5 

2 

1 

_ 

_ 

- 

53 

Montauk,  N.J.  — 

1930 
1931 
1932 
1934 

- 

- 

- 

- 

4 
1 

2 

4 
4 

1 
b 

8 
11 

3 

20 

13 

10 

4 

25 

21 
13 
13 

36 

34 
23 
18 
68 

33 

21 
19 
44 

36 
20 
23 

a 

21 
lb 
15 
27 

15 

10 

11 

8 

7 
5 
4 
7 

8 
4 

1 
2 

2 

1 

1 

1 

1 

206 
UO 
112 
238 

Total 

- 

- 

- 

- 

7 

li 

42 

52 

83 

143 

117 

120 

79 

44 

25 

15 

4 

1 

1 

740 

Grand  total 

- 

- 

- 

- 

12 

24 

b3 

94 

167 

251 

264 

232 

156 

83 

40 

28 

9 

3 

1 

1,429 
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Table  28.— Frequency  distributions  oT  adult  wealcfish  according  to  tvie  mean  spacing  betus  c^n  the  ID  marginal 
circull  of  the  lateral  ylelu  of  the  firat  growth  ion©  of  the  scales 


LocAllt/  and  s-iason 

20 

21 

22 

*~- 

~  "~  ~ 

units 

(1724000"  Inch)"" 

34 

35 



~"  -— 

of  collection 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

3? 

% 

"^7 

36      39 

Total 

■  Uffl- 

Num- 

Mu-n- 

lao- 

Hyan-  liiia-  Nu^ij-  jiyijpr-  Nyj 

-  NuiTv-  Num 

-  Kum-  Nun- 

Nui^ 

•>'uin- 

Nun- 

NjiZ- 

iJa-n- 

iiiiD-  iiao- 

LiF. 

Ser 

tar 

ber 

bfjr. 

i>sr 

i?«r 

ber 

tier 

ber 

ten 

b4r 

bjc 

ber 

ber 

bsc 

b?X 

i?«: 

ber     ber 

North  Carolina  1 

Autumn  of  193i — 

Year  class  — 

1929 

- 

. 

. 

- 

. 

1 

. 

. 

_ 

_ 

_ 

1 

. 

- 

_ 

^ 

- 

. 

-        - 

2 

1930 

1  » 

_ 

- 

. 

. 

1 

3 

1 

_ 

~ 

- 

- 

- 

. 

- 

_ 

- 

. 

5 

1931 

- 

- 

- 

_ 

4 

4 

7 

8 

9 

1 

1 

1 

1 

- 

- 

. 

- 

. 

- 

3o 

1932 

— 

— 

2 

_ 

4 

U 

26 

16 

15 

4 

3 

2 

. 

1 

_ 

- 

. 

_ 

.        _ 

87 

1933 

— - 

- 

2 

1 

4 

U 

Ifc 

25 

27 

20 
25 

13 

;7 

10 
14 

3 

4 

1 

~ 

~ 

- 

- 

_r_^_ 

135 

Total 

- 

4 

L2 

33 

50 

52 

52 

2S5 

Spring  of  1935  — 

Year  class  — 

1934 

_ 

_ 

_ 

_ 

1 

1 

6 

17 

29 

24 

4C 

23 

8 

11 

5 

2 

1 

_ 

_ 

168 

- 

- 

- 

1 

9 

19 

19 

a 

48 

39 

25 

17 

8 

5 

4 

- 

- 

- 

'r-T- 

235 

Total 

- 

- 

- 

1 

10 

20 

25 

58 

77 

63 

65 

40 

16 

16 

9 

2 

1 

- 

403 

Chesapeake  Bay: 

Autumn  of  1931  — 

Year  class  — 

1929 

. 

. 

1 

1 

4 

3 

4 

4 

1 

1 

. 

1 

. 

_ 

_ 

_ 

. 

_ 

- 

20 

1930 

_ 

« 

1 

0 

X? 

^2 

45 

61 

55 

29 

20 

9 

2 

1 

_ 

_ 

„ 

_ 

_        „ 

274 

Total 

- 

_ 

2 

7 

17 

35 

49 

65 

56 

30 

29 

10 

2 

1 

- 

_ 

_ 

_ 

_ 

294 

*utnmn  of  1933  — 

Year  class  — 

1930 

- 

- 

- 

1 

1 

. 

4 

4 

2 

1 

_ 

- 

. 

. 

. 

. 

_ 

. 

.        _ 

13 

1931 

- 

- 

1 

2 

4 

u 

18 

22 

12 

5 

4 

5 

1 

1 

. 

- 

_ 

_ 

_ 

86 

1932 

- 

- 

1 

3 

U 

25 

U 

43 

27 

23 

18 

13 

7 

- 

1 

- 

1 

- 

., 

i20 

lotU 

- 

- 

2 

6 

19 

36 

66 

69 

a 

29 

22 

18 

3 

1 

1 

- 

1 

- 

- 

319 

Autumn  of  1934  — 

Year  class  — 

1929 

- 

- 

- 

- 

_ 

. 

. 

1 

_ 

, 

1 

_ 

_ 

. 

« 

. 

. 

. 

_ 

2 

1930 

- 

- 

_ 

1 

- 

_ 

. 

2 

2 

_ 

. 

1 

_ 

. 

_ 

_ 

« 

_ 

_ 

6 

1931 

. 

_ 

. 

« 

3 

3 

1 

5 

3 

4 

1 

_ 

_ 

„ 

_ 

_ 

_ 

_ 

-        - 

2U 

1932 

- 

_ 

2 

1 

5 

10 

8 

U 

7 

1 

4 

1 

_ 

_ 

_ 

_ 

« 

. 

^ 

53 

1V35 

- 

- 

1 

2 

6 

15 

31 

42 

25 

31 

17 

6 

1 

1 

- 

- 

- 

- 

_ 

17'i 

Tutal 

- 

- 

3 

4 

U 

28 

40 

64 

37 

36 

23 

8 

1 

1 

- 

- 

- 

- 

- 

259 

EiOTore,  Va,: 

Autuinn  of  1933  — 

Year  class  — 

1928 

_ 

- 

. 

_ 

_ 

1 

_ 

» 

_ 

_ 

_ 

_ 

_ 

_ 

. 

_ 

_ 

_ 

_        _ 

1 

1929 

_ 

. 

. 

« 

_ 

_ 

1 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

1 

1930 

- 

. 

1 

- 

_ 

3 

3 

6 

6 

6 

1 

1 

1 

. 

_ 

_ 

_ 

_ 

- 

28 

1931 

- 

- 

- 

2 

3 

8 

27 

23 

31 

21 

15 

U 

5 

_ 

2 

1 

_ 

_ 

. 

152 

1932 

- 

- 

- 

1 

4 

24 

31 

46 

i5 

39 

25 

18 

13 

6 

2 

- 

1 

- 

- 

255 

Total 

^__ 

- 

1 

3 

7 

36 

bZ 

75 

82 

66 

a 

33 

19 

6 

4 

1 

1 

- 

-        - 

437 

Autumn  of  193i  - 

year  class  — 

1930 

- 

-. 

_ 

, 

_ 

_ 

_ 

1 

_ 

1 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

« 

_ 

2 

1931 

- 

- 

_ 

1 

2 

2 

3 

3 

2 

2 

_ 

2 

_ 

_ 

_ 

« 

- 

« 

- 

17 

1932 

1 

> 

- 

2 

5 

9 

7 

7 

9 

4 

2 

_ 

_ 

1 

_ 

_ 

_ 

_ 

_        _ 

47 

1933 

- 

1 

1 

1 

9 

31 

42 

50 

46 

27 

17 

11 

1 

1 

- 

- 

- 

- 

- 

238 

Total 

1 

1 

1 

.4 

16 

42 

?2 

61 

57 

?4 

19 

13 

1 

2 

_ 

_ 

_ 

_ 

_ 

30.t 

Spring  of  1935  — 

Year  class  — 

1929 

- 

- 

_ 

_ 

_ 

- 

1 

_ 

_ 

J 

» 

^ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

2 

1930 

- 

- 

- 

_ 

_ 

1 

6 

4 

2 

1 

1 

« 

_ 

_ 

_ 

_ 

„ 

_ 

_ 

15 

1931 

~. 

~ 

- 

_ 

1 

4 

b 

U 

7 

4 

1 

2 

_ 

« 

_ 

_ 

_ 

_ 

_        _ 

39 

1932 

_ 

- 

_ 

- 

_ 

11 

U 

u 

8 

4 

3 

4 

2 

1 

„ 

. 

. 

_ 

_ 

58 

1933 

~ 

. 

1 

1 

2 

4 

U 

23 

23 

24 

18 

5 

? 

1 

_ 

_ 

_ 

_ 

_ 

115 

1934 

- 

- 

- 

- 

- 

1 

3 

1 

4 
U 

4 
38  ~ 

2 

3 

1 

- 

- 

- 

- 

- 

- 

19 

Total 

- 

- 

1 

1 

3 

21 

38 

56 

5 

2 

_ 

_ 

- 

_ 

-i:^ — = — 

248 

Wildwood,   N.   J.: 



- 

-. r- 







Autumn  of  19X'  — 

Year  class  -- 

1923 

- 

^ 

_ 

_ 

„ 

J 

? 

1 

1924 

1925 
1926 
1927 
1928 
1929 

- 

_ 

- 

1 

4 

1 
6 

20 

5 
31 

5 
38 

9 
33 

6 
27 

8 
8 

3 
6 

3 
2 

- 

- 

- 

- 

-      - 

40 
177 

- 

- 

- 

4 

6 

10 

31 

56 

70 

77 

54 

40 

2/, 

14 

3 

394 
227 

- 

- 

: 

1 

2 

J 
9 

12 
U 

24 
38 

3C 
46 

65 
55 

30 
39 

28 
38 

20 
23 

9 
16 

3 

6 

1 

- 

-      - 

~ 

~ 

- 

1 

2 

2 

5 

16 

16 

12 

10 

10 

3 

4 

_ 

_ 

1 

_ 

90 

Total 

_* 

- 

'=j=-^a^ 

9 

24 

47 

120 

185 

249 

200 

169 

109 

61 

32 

10 

3 

1 

1 

,      _ 

1,220 

Autuinn  of  1934  — 

~- 

__^_— 

Year  class  — 

1928 

1 

1929 

— 

~ 

~ 

- 

- 

- 

-   - 

1 

1930 
1931 
1932 
1933 

- 

- 

- 

- 

1 

2 

1 
2 
1 
3 

1 
b 
4 
3 

2 
15 
10 
U 

3 

8 

9 

U 

10 

8 

21 

39 

4 

9 

12 

19 

3 

8 

12 

19 

1 
1 
4 
5 
S 

1 
3 
4 
3 

1 
2 

1 

1 
1 

- 

- 

- 

1 
17 
69 

67 
101 

Total 

■I 



^r-.'. 

- 

4 

7 

U 

38 

32 

44 

42 

19 

U 

4 

2 

- 

- 

- 

256 

TaMo  28. — Frequency  dlfltrlbutiona  of  adult  weakflsh  according  to  the  nean  spacing  between  the  10  marginal 
circuli  of  the  lateral  yield  of  the  first  growth  sone  of  the   scales  (continued) 


Locality  and  season 
of  collection 


'Jnits  (1/24000  inch) 


Mum-  Nun-  Hx^  Num-  figu-  Sisf  S!i»-  SaB-  HUB*-  Sm-  Sno-  fiiiB-  SiiB-  Sm-  Si»-  Ban-  Sua-  Sao-  Smr  !!i»- 


Beach  Haven,  N.  J. t 
Autumn  of  l')30  — 
Year  class  — 
1922 
1923 
3924 
1925 
1926 
1927 
1928 
1929 

Total 

Spring  of  1931  — 
Year  class  — 
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Table  28,  -Frequency  distributions  of  adult  weakf  Ijh  accor.ling   to  the  mean  spacing  between  tne  10  marginal 
circiili  of  thf«   lateral  yield  of  the  flret   growth   sone  of    the   scales   (continued) 


Locality  and  reason 
of  collection 
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Table  28. PVequency  aietributions  o{  adull  weakflsh  accorain^  1,0  Uie  mean  spacing  betxeen  the  10  marginal 

oircull  of  tno  lateral  yield  of  tne  first  gro\»th  zone  of  the  scales  (continued) 


Locality  and  season 

■ 

Units   (1/24000  Inch) 

of  collection 

20       21 

22 

23 

24 

25 

26 

27 

28 

29       30 

31 

32 

_-33. 
_  Num- 

-  (Jutt- 

?5 
Num- 

?6      37      38. 
Nun-  Nya-  Num- 

Nuii>- 

liuo-  Num-  Nun>"  Hag-  Nan 

-  Num"  Nujw  Num-  Num-  Num-  Nui3-  Num-  Num 

Total 

ber    ber 

Ufit 

b£C 

tLfiZ 

ist 

bsr 

isc 

Jai 

ber     ber 

Mr 

to 

iiaz 

bsc 

kan 

USE 

^ec 

iisz 

bsc 

SJontauk,  N.  Y.i 

Spring  of  1930  — 

Year  class  -■ 

1917 

_ 

_ 

_ 

_ 

_ 

_ 

1 

_ 

_ 

_ 

_ 

„ 

_ 

_ 

_ 

_ 

_ 

_ 

1 

1918 

-,        _ 

. 

. 

_ 

-. 

. 

_ 

1 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

1 

1919 

_        - 

« 

_ 

_ 

_ 

„ 

1 

_ 

^         _ 

_ 

_ 

_ 

_ 

_ 

_ 

^ 

1 

1920 

_ 

- 

_ 

_ 

_ 

1 

1 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

^ 

2 

1921 

- 

- 

_ 

_ 

- 

_ 

2 

1 

1 

2 

1 

_ 

_ 

_ 

_ 

_ 

_ 

^ 

7 

1922 

- 

- 

- 

- 

5 

1 

_ 

5 

3        1 

3 

„ 

1 

_ 

_ 

_ 

_ 

_ 

. 

19 

1923 

- 

- 

- 

I 

3 

11 

5 

t 

9         /, 

3 

1 

1 

_ 

_ 

_ 

_ 

„ 

_ 

id. 

1924 

-        - 

- 

- 

- 

3 

^ 

6 

5 

10       10 

8 

4 

1 

« 

^ 

„ 

_ 

_ 

_ 

51 

1925 

-        - 

. 

- 

- 

2 

b 

6 

8 

12       16 

7 

3 

2 

_ 

„ 

_ 

_ 

_ 

^ 

62 

1926 

- 

1 

- 

1 

2 

3 

4 

7 

13         4 

4 

5 

2 

_ 

1 

_ 

_ 

_ 

_ 

47 

1927 

- 

- 

1 

B 

u 

23 

34 

43 

36       27 

22 

10 

2 

3 

2 

_ 

_ 

_ 

_ 

225 

1928 

- 

- 

- 

1 

4 

0 

17 

12 

16       23 

18 

17 

10 

8 

2 

1 

_ 

_ 

_ 

135 

1929 

- 

- 

- 

- 

- 

2 

1 

1 

2         4 

4 

2 

1 

- 

1 

- 

"i" 

-■- 

-5 — 

18 

Total 

- 

1 

1 

11 

?3 

57 

78 

8? 

101       90 

71 

4? 

20 

11 

6 

1 

613 

kutumn  of  1930  — . 

'  ■  — 

'   -  -    -  — 

iear  class  — 

1921 

_ 

. 

_ 

_ 

_ 

1 

_ 

_ 

. 

_ 

„ 

_ 

_ 

_ 

1922 

- 

. 

_ 

1 

_ 

„ 

1 

1 

1         1 

_ 

1 

_ 

_ 

_ 

_ 

6 

1923 

- 

- 

- 

. 

3 

4 

3 

3 

3 

1 

1 

_ 

_ 

_ 

_ 

_ 

18 

1924 

- 

> 

- 

- 

2 

7 

1 

3 

7        3 

2 

1 

_ 

_ 

1 

_ 

_ 

_ 

_ 

27 

1925 

- 

~ 

- 

- 

- 

3 

4 

7 

7      11 

5 

2 

1 

1 

, 

_ 

_ 

_ 

41 

1926 

- 

- 

- 

1 

1 

5 

7 

7 

5         7 

7 

4 

5 

1 

1 

1 

_ 

_ 

1 

53 

1927 

- 

i 

4 

7 

24 

35 

40 

48 

55       28 

20 

12 

4 

3 

_ 

1 

282 

1928 

-        - 

- 

- 

- 

1 

2 

10 

16 

14       28 

11 

9 

3 

1 

1 

2 

98 

1929 

- 

- 

- 

1 

1 

- 

- 

3 

2         4 

2 

1 

3 

1 

- 

- 

^ 

- 

18 

Total 

- 

1 

i. 

10 

32 

57 

66 

88 

91       85 

48 

31 

It 

6 

4 

1 

1 

2 

1 

544 

Spring  of  1931  — 

Tear  class  — 

1920 

^ 

_ 

_ 

_ 

^ 

_ 

_ 

„ 

_         _ 

_ 

_ 

1 

1921 

^ 

« 

_ 

_ 

_ 

_ 

1 

_ 

_         _ 

■^ 

1922 

- 

- 

_ 

_ 

_ 

1 

2 

2 

_ 

_ 

_ 

_ 

_ 

1923 

-        - 

. 

_ 

1 

1 

^ 

1 

2 

1 

2 

_ 

9 

1924 

- 

- 

- 

- 

_ 

3 

5 

2 

2         1 

3 

1 

_ 

_ 

_ 

_ 

18 

1925 

-        - 

- 

- 

2 

4 

3 

3 

3 

5         5 

5 

1 

32 

19?6 

- 

- 

- 

- 

- 

2 

6 

10 

6        9 

2 

1 

_ 

_ 

_ 

37 

1927 

- 

i 

1 

7 

9 

17 

28 

34 

23       24 

13 

4 

2 

_ 

1 

1 

_ 

109 

- 

- 

- 

- 

- 

1 

4 

5 

U       13 

9 

5 

2 

1 

_ 

_ 

61 

1929 

-        - 

— 

- 

- 

4 

10 

5 

23 

13       18 

9 

15 

m 

^ 

2 

1 

_ 

110 

1930 

- 

- 

- 

- 

- 

- 

- 

- 

2 

1 

- 

- 

_ 

_ 

4 

Total 

- 

1 

1 

10 

18 

37 

53 

m 

65      73 

44 

31 

23 

4 

3 

2 

1 

- 

- 

447 

Autum-.  of  1931  — 

-_— 

Year  clas=  — 

1922 

_        _ 

. 

. 

_ 

_ 

_ 

_ 

1 

_        _ 

1 
5 

1923 

- 

- 

- 

- 

_ 

1 

2 

1 

_ 

_ 

1 

1924 

- 

- 

_ 

_ 

_ 

2 

„ 

1 

3 

1 

_ 

_ 

_ 

1925 

- 

- 

- 

1 

? 

2 

3 

2 

11        3 

5 

1 

1 

_ 

_ 

31 

1926 

- 

- 

- 

1 

4 

2 

5 

8 

4         5 

4 

2 

1 

1 

1 

_ 

38 

1927 

- 

- 

;; 

3 

u 

17 

23 

21 

26       13 

7 

5 

4 

1 

1 

_ 

_ 

. 

137 

1928 

-        - 

- 

1 

- 

5 

10 

12 

10       15 

6 

7 

4 

2 

1 

1 

74 

1929 

-        — 

- 

- 

- 

- 

2 

8 

17 

12       18 

10 

7 

8 

_ 

2 

84 
3 

1930 

- 

- 

- 

- 

- 

- 

- 

. 

2 

1 

4 

2 

- 

- 

- 

Total 

- 

- 

3 

5 

20 

31 

51 

62 

63       60 

33 

22 

19 

5 

380 

.Spring  of  1932  — 

~" 

Year  class  — 

1923 

_ 

_ 

_ 

_ 

_ 

_ 

1 

1 

2 

7 
70 

1925 

- 

» 

_ 

_ 

„ 

1 

_ 

_ 

1 

1926 

- 

- 

- 

1 

1 

1 

_ 

2 

1 

1 

_ 

_ 

1927 
1928 

„ 

_ 

_ 

; 

3 

5 

9 
1 

16 

1 

13         9 
■3         5 

7 
4 

5 
4 

1 

1 
1 

1 
1 

- 

- 

- 

- 

1929 

- 

- 

- 

- 

1 

2 

8 

10 

8       12 

7 

5 

4 

2 

_ 

_ 

59 

1930 

- 

- 

- 

1 

2 

5 

10 

20 

25       19 

17 

13 

6 

1 

1 

T 

_ 

125 

"        ~ 

- 

1 

1 

- 

3 

7 

u 

15       19 

7 

6 

6 

1 

- 

_ 

_ 

80 

Total 

- 

- 

1 

3 

7 

17 

35 

63 

65       66 

43 

33 

17 

6 

5 

3 

_ 

_ 

. 

364 

Autunrn  of  1932  — 

Year  class  -  - 

1923 

- 

_ 

_ 

_ 

_ 

2 

1 

3 

1924 

- 

- 

- 

- 

_ 

1 

1 

3         1 

1 

1 

1925 

- 

- 

- 

- 

2 

^ 

4 

2 

1         5 

? 

3 

2 

1 

1926 

—                 _ 

- 

- 

1 

2 

6 

3 

5 

1 

4 

2 

24 
63 
29 
26 
51 
59 

1928 
1929 
1930 
1931 

-        - 

1 

- 

- 

4 

1 
1 

5 
3 

4 

3 

U 
2 
3 

0 
2 

u 

7 
4 
7 
8 

9         6 

6         2 

9         4 

U         5 

13       12 

3 
3 

8 

5 

7 
3 
2 
4 
7 

1 
1 
3 
4 

2 
3 

1 

1 

- 

- 

- 

Total 

~       r . 

1 

^ 

1 

10 

22 

,37.  _ 

48 

J3_  35 

29 

27 

13 

7 

1 

1 

. 

_ 

_ 

285 

Autumn  of  1934  — 



Year  class  — 

1930 
1931 
1932 

:    :' 

^_ 

-"-- 

1 
_2 

3 

_4 

4 

U    _ 
11 

22 

2 
36 

1 

1         2 
2''       35 

1 
23 

5 
13 

1 
15 

5 

3 

2 

- 

- 

- 

2 

12 

198 

Total               [ 

- 

—  .- 

22 

38 

29       37 

24 

1_8 

U.__ 

J 

3 

2 

- 

- 

- 

212 

73 


the  same  locality  as -0-group  fish,   it  is  necessary  to   compare  samples  of 
the  0-group  fish  with  samples  of  I-group  fish  taken  one  year  later.      Be- 
cause such  fish  will  be  from  the  same  year  class,  valid  comparisons  of  the 
circuli  widths  in  the  first  growth  zone  can  be  made.      Tables   26  and  27 
show  that  the  lIiO  0-group  fish  were  sampled  in  1931  at  Montauk,  N.Y,;   in 
1932  139  I"group  fish  were  sampled.      A  comparison  of  the   circuli  widths 
yields  the  following   analysis  of  variance j 


Source 

Tbtal 
Mean 
Years 
Within  Years 


Degrees  of 
Freedom 

279 

1 

1 
277 

F/vi 


Sum  of 
Squares 

2U8,81|8 
2147,275 

1,568 
P>  0,05 


Mean 
Squares 


5 
5.66 


The  analysis   of  variance  indicates  no   significant  difference.     From 
this   comparison,    it  can  be  concluded  that  the  measurements   are  from  the 
same  population  of  weakfish.      Hence,    northern  I-group  fish  spent   their 
first  summer  in  the  same  locality  as  0-group  fish. 

The  latter  observation   suggests  that  all  I-group  weakfish  in  the 
Northern  area  completed  their  first  summer's   growth  there,    so  that  data 
drawn  from  the  first  growth  zone  of  their  scales   is   the   equivalent  of  data 
from  the  scales  of  Northern  0-group  fish.     The   samples  for  the  Northern 
I-group  were   taken  in  the  course  of  routine  data  collection  from  many 
catches  over   extended  periods   of  time.      The  0-group  samples  were  taken 
over  short  periods  of  time  at   the  end  of  the   season.      A  few  large  samples, 
especially c ollected  when  opportunities  presented   themselves,    account  for 
a  considerable  part  of  the   data.      Since   such  large   collections    may  over- 
represent  sub-groups,    such  as  have  frequently  been  observed  among  juven- 
iles,   it  was  concluded  that  the  I-group  data  are  probably  more  represen- 
tative of  the  typical  0-group   spacing  in  the  northern  area  than  are  data 
drawn  directly  from  the  0-group  samples.      Consequently,   in  subsequent 
analysis,   normal  distributions  computed  from  the  I-group  data  have  been 
used  to   represent  the  Northern  area. 

Parenthetically,  it  may  be  noted  that  the  differences  in  spacing 
appear  to  be  virtually  independent  of  the  differences  in  growth  which 
are  also   characteristic  of  the  areas  or  of  locality  subdivisions  within  the 

Northern  area.        Within  each  area,  the  larger,   hence  presumably  faster 
^^rowing  individuals  do  not  show  materially  coarser  spacing. 

With  the  sole  exception  of  the  instance  noted  above,   in  which 
Northern  I-group   and  Northern  0-group  fish  agree  with  respect  to   circulus 
spacing  of  the  growth  zone,  adult  distributions   are  significantly  differ- 
ent from  the   juvenile  distributions   characteristic  of  the  areas  in  which 
the  adults  were  taken.     The  differences  are  such  as  to   suggest  that  the 
adults  in   each   area  repiesent  a  mixing  of  weakfish  from  two  or  more 
nursery  areas. 
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Origin  of  Northern  Juveniles 

The  foregoing  analysis  of  the  origin  composition  of  stocks  of  adult 
weakfish  is  based  on  a  scale  character  which  is  not  formed  until  the  end  of 
the  juvenile  summer.   This  provides  no  direct  evidence  of  the  actual  origin 
of  the  juvenile  weakfish  in  each  locality,  for  it  is  possible  that  extensive 
migrations  may  occur  in  the  period b etween  spawning  and  the  end  of  the  juven- 
ile summer.  A  number  of  facts  bearing  on  this  possibility  are  available, 
but  on  the  whole  the  evidence  is  so  conflicting  as  to  be  inconclusive.   The 
information  available  is  presented  below. 

As  shown  by  the  following  reports,  eggs  and/or  larvae  are  present  in 
various  localities:   Beaufort,  N.  C,  Hildebrand  and  Cable,  193h;   entrance 
to  Chesapeake  Bay,  Pearson  (I9UI) ;  vicinity  of  Cape  May,  N.  J.,  Welsh  and 
Breder,  1923s  various  localities  from  Bay  Head,  N.  J.,  to  Cape  Henlopen, 
Del,,  Prof.  A.  E.  Parr  (unpublished  manuscript).  Eggs  were  also  found  hy 
the  writer  in  May,  1931,  in  Peconic  Bay,  L.  I.,  N.  I.   Tracy,  I908,  reports 
larvae  from  Wickford,  R.  I. 

There  is,  however,  considerable  uncertainty  as  to  whether  reproduction 
is  actually  successful  in  all  of  the  localities  where  eggs  have  been  reported, 
for  with  the  exception  of  the  few  larvae  fo\ind  by  Tracy  in  lobster-rearing 
pools  at  Wickford,  intensive  search  has  not  disclosed  weakfish  larvae  north 
of  the  entrance  to  Chesapeake  Bay.  This  is  in  marked  contrast  to  the  obser- 
vations of  Hildebrand  and  Cable  (193U)  in  t he  vicinity  of  Beaufort  and  of 
Pearson  (19iil)  in  lower  Chesapeake  Bay,  for  the  former  report  taking  more 
than  300  larvae  less  than  10  millimeters  in  length  and  the  latter  more  than 
li,000  less  than  7  millimeters  in  length. 

The  absence  of  larvae  from  Parr's  extensive  collections  (Delaware  Bay) 
is  particularly  surprising  in  view  of  the  remarkable  concentrations  of  eggs 
taken  by  him  (up  to  500,000  per  10  to  20  minute  surface  tow  with  a  meter 
net).  The  stations  in  lower  Delaware  Bay  were  occupied  so  frequently 
(thrice  weekly)  and  covered  so  great  an  area  in  each  of  several  years  that 
there  is  no  possibility  that  the  tows  happened  to  coincide  with  peaks  of 
discontinuous  spawning  and  missed  the  periods  when  pelagic  larvae  were  pre- 
sent. It  is  also  impossible  to  account  for  absence  of  larvae  on  the  assump- 
tion that  the  eggs  drift  away  from  the  spawning  localities  so  rapidly  as  to 
pass  beyond  the  limits  of  the  area  covered  by  the  observations.  For  eggs 
taken i n  tow  nets  were  observed  to  begin  hatching  within  s even  hours  of  the 
time  of  capture  when  placed  in  finger  bowls  at  temperatures  mthin  the  range 
of  those  observed  in  the  waters  where  eggs  were  taken  in  abundance.   Since 
the  areaobserved  extends  about  30  miles  in  each  direction  along  the  coast 
from  the  center  of  egg  concentration,  it  is  obvious  that  the  moderate  drift 
along  the  New  Jersey  coast  (certainly  not  more  than  10  miles  per  day)  could 
not  possibly  carry  the  eggs  out  of  the  area  of  observation  before  hatching. 

At  times,  considerable  numbers  of  small  medusae  and  of  a  Ctenophore 
(Mnemeopsis)  were  observed,  but  not  weakfish  larvae  were  found  in  them. 
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In  an  effort  to  determine  whether  hatching  can  take  place  at  the  pre- 
vailing temperatures  in  Delaware  Bay,  Prof,  Parr  and  the  writer  found  that 
artificially-fertilized  eggs  held  at  controlled  temperatures  hatched  at  all 
temperatures  within  the  range  observed  in  the  bay. 

On  the  other  hand,  juveniles  as  small  as  18  millimeters  were  taken  by 
Parr  in  otter  trawls  in  early  July  and  subsequently.  Their  presence  can  be 
explained  by  either  of  two  hypotheses:  1)  They  are  the  result  of  local 
spawning  and  are  to  be  connected  with  larvae  which  in  some  unknoim  manner 
escaped  the  intensive  search  made  for  them.   2)  They  are  immigrants  from 
other  spawning  areas,  presumably  from  southern  spawning  areas. 

Idth  respect  to  the  first  hypothesis,  the  juveniles  taken  in  early  July 
are  rather  smaller  than  would  be  expected  if  they  were  produced  at  the  height 
of  spawning  observed  by  Parr  in  late  May  and  early  June,  Moreover,  the 
length  frequency  distributions  of  the  summer  and  autumn  collections  suggest 
that  either  most  of  the  young  fish  in  Delaware  Bay  grow  very  slowly  (cf . 
Hildebrand  and  Cable,  193U;  Pearson  19^1) ;  or  the  young  fish  taken  there  are 
transients  for  the  most  part,  the  stock  being  added  to  either  by  belated 
spawning  in  the  bay  or  by  immigration  of  juveniles  from  elsewhere  while 
losing  most  of  the  larger  sizes  by  emigration  or  mortality. 

In  addition  to  these  difficulties  in  connecting  the  juveniles  in 
Delaware  Bay  and  elsewhere  in  New  Jersey  and  New  York  with  the  egg  collec- 
tions reported,  it  is  also  difficult  to  account  for  them  satisfactorily  in 
any  other  way,   ITie  inshore  drift  along  the  coast  is  southerly  so  that  they 
cannot  be  involuntary  immigrants  from  southern  spawning.   Since  both  eggs 
and  larvae  are  absent  from  the  offshore  collections,  they  cannot  be  carried 
northward  by  an  offshore  drift  as  appears  to  be  true  for  mackerel,  bluefish, 
and  eel  larvae.  The  only  remaining  possibility  is  that  after  attaining  the 
power  of  independent  locomotion,  larvae  hatched  in  the  South  swim  northward. 
The  principal  consideration  in  favor  of  this  suggestion  is  the  presence  in 
the  North  of  large  numbers  of  very  small  juveniles  of  at  least  two  other 
species  which,  if  they  spawn  at  all  in  the  North,  must  do  so  sparingly — 
mullet,  Mugil  cephalus,  and  spot,  Leiostomus  xanthurus.   Prof.  Parr  finds 
the  juveniles  of  both  species  abundantly  represented  in  his  New  Jersey  col- 
lections and  both  are  common  as  juveniles  as  far  north  and  east  as  Woods 
Hole.  Both  are  known  to  be  winter  spawners.  Adult  mullet  are  rare  in  the 
North  at  all  seasons  and  spot  disappear  from  New  Jersey  in  November.  A 
single  record  indicates  the  movement  of  a  tagged  spot  from  Delaware  Bay  to 
the  vicinity  of  Ocracoke  Inlet,  N.  C,  between  October,  1930,  and  December 
1930.   It  is  possible,  however,  that  these  species  may  spawn  so  far  off- 
shore that  the  young  are  carried  northward  by  the  offshore  drift. 
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SUMMARY  AMD  CONCLUSIONS 

Little  is  known  concerning  the  migration  of  shore  fishes  which  summer 
in  the  inshore  waters  of  the  Middle  Atlantic  Bight,   Previous  tagging 
experiments  suggest  that  the  several  species  migrate  southward  as  well  as 
offshore  in  the  winter.  Foremost  among  the  questions  raised  by  these 
migrations  are  those  concerning  the  unity  or  diversity  of  the  populations. 
Are  populations  of  weakfish  found  along  the  East  coast  all  of  one  race  or 
do  we  have  a  number  of  races  represented?   This  knowledge  is  important  from 
both  an  economic  and  scientific  standpoint. 

The  complex  movements  of  weakfish  have  been  studied  by  comparing  the 
stocks  of  fish  at  several  localities  as  to  abundance,  size,  age  composition^ 
and  rate  of  growth,  and  by  tagging  experiments. 

Samples  selected  for  study  were  all  obtained  from  the  pound  net  fishery,. 
Catch  records  were  obtained  from  the  following  sources:  Fish  and  Wildlife 
Service,  State  of  New  Jersey  Board  of  Fish  and  Game  Commissioners,  and 
personal  records  of  companies  and  individuals.  Lengths,  weights,  and  scale 
samples  were  taken  at  various  localities  from  1928-1932.  For  localities 
north  of  Delaware  Bay  length  samples  were  grouped  into  periods  of  varying 
duration  called  grouped  samples.  Size  composition  was  nearly  the  same  for 
each  period.  Weighting  of  length  frequencies  by  the  average  catch  per  net 
for  each  period  gave  an  estimate  of  the  number  of  fish  at  each  length 
caught  per  net. 

Age  was  determined  by  examination  of  scales.   The  method  of  age 
analysis  was  based  on  repeated  reading  of  a  large  number  of  scales  until 
consistent  criteria  of  interpretation  were  found.  The  method  was  confirmed 
by  a  quantitative  analysis  of  the  intracircular  distance. 

It  is  an  open  question  whether  all  of  the  0-group  fish  were  spawned 
in  the  localities  where  they  were  captured  or  whether  extensive  migration 
had  occurred  between  spawning  in  June  and  capture  in  October,  By  fall  the 
0-group  is  distributed  all  along  the  coast  from  Long  Island  to  North 
Carolina,   During  November  and  December  they  migrate  to  the  warm  waters  off 
Virginia  and  North  Carolina  where  they  spend  their  first  winter.  Many  of 
the  I-group  migrate  from  North  Carolina  to  Virginia  and  a  few  to  southern 
New  Jersey  in  midsurmner.  This  migration  pattern  is  repeated  each  year  by 
all  age  groups,  which  return  to  southern  waters  in  winter  and  move  coast- 
wise and  northward  in  summer.   The  data  sug^-;est  that  most  of  the  two-year- 
old  fish  north  of  Delaware  Bay  are  immigrants,  presumably  recruited  from 
stocks  of  yearlings  in  localities  south  of  Delaware  Bay  where  such  weak- 
fish are  regularly  present.   Weakfish  three  or  more  years  old  constitute 
the  bulk  of  the  catch  only  in  northern  New  Jersey  and  some  years  at  Fire 
Island  which  leads  us  to  believe  that  these  fish  are  recruited  from  the 
southern  New  Jersey  two-year-old  stocks. 

In  all  sampling  locations  fall  caught  fish  were  larger  than  spring 
caught  fish  except  in  Virginia  and  southern  New  Jersey  where  the  reverse 
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was  true.      This  is  true  because  many  of  the  fish  caught  here  in  the  spring 
must  be  enroute   to  northern  waters  where  they  had  spent  their  previous 
summers   and  where  growth  is  more  rapid. 

The  above  observations  led  to   a  hypothesis   concerning  the  movements  of 
the  fish  during   each  year  of  their  life: 

First  to  Second  Autumn.      Young   (O-group)   fish   are  distributed  from  Long 
Island  to  North  Carolina,  but  migrate  to  Virginia  and  North  Carolina  for 
their  first  winter.     In  the  following  spring  these     fish   (now  I-group)    move 
inshore  along  North  Carolina,    most  migrating  to   Virginia  by  mid-August. 

Second  to   Third  Autumn.     Yearlings  move  to   warmer  water  off  North 
Carolina  and  Virginia  to   spend  their  second  winter.     In  spring  they  return 
inshore  from  North  Carolina  to  New  York,    and  in  summer  there  is   a  general 
northward  movement. 

Third  to  Succeeding  Autumns.      The  Il-group  fish  winter  off  Virginia  and 
North  Carolina.     Depending  on  their  previous  liistory,   they  migrate  as  fai' 
north  as  New  York  or  remain  off  Virginia  and  South  Carolina.     Movements  are 
repeated  during   each  succeeding  year  of  life. 

The  hypothesis  was  tested  by  tagging  experiments  and  analysis  of  scale 
measurements : 

Weakfish  of   the  O-group  were  tagged  at  Montauk,    N.   Y.   in  1932.      The 
returns  in  1933  consisted  of  l8  from  southern  waters  and  the  remainder  pre- 
dominantly from  Delaware  Bay  and  southern  New  Jersey.      In  193h  most  of  the 
returns  were  in  northern  New  Jersey  or  New  York.     Later  returns  were  mostly 
from  New  York  waters. 

A  tagging  experiment  in  lower  Chesapeake  Bay  in  1931  indicated  no 
northward  migration,    while  30  percent  of  the  returns  of  fish   tagged  off 
Exmore,    Virginia,   in  1933  were  from  northern  localities. 

Tagging  experiments  with  I-group  weakfish  in  Pamlico  Sound,   North 
Carolina  seem  to  indicate  that  the  North  Carolina  sounds  do  not   contribute 
materially  to   northern  stocks.      The  majority  of  recaptures  were  made  in 
Virginia  and  North  Carolina  waters. 

Declines  in  percentage  recovery  of  tags  from  the  various   experiments 
indicated  that  the  stocks   were  declining  at  the  rate  of  50  to  7$  percent 
per  year. 

Frequency  distributions  of  the  mean  spacing  between  the   ten  marginal 
circuli   of  the  lateral  field  of  the  first  growth  zone  were  constructed. 

A  statistical  analysis  of  the  measurements  indicated  that  year  classes 
should  be  treated  separately.      Comparison  of   the  193li  O-group  measurements 
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from  North  Carolina^   Virginia,   and  Northern  area  discloses   the  existence  of 
separate  southern  and  northern   populations.      To   determine  whether  northern 
I-groups  spend  their  first  summer  in  the  northern  area,    1931  0-group  measure- 
ments from  Montauk,   N.    Y.  were  compared  with  1932  I-group  measurements   from 
the  same  locality.     Analysis  of  variance  indicated  no  significant  difference^ 
suggesting  that  northern  I-group  fish  spend  their  first  summer  in  the  same 
locality  as  0-group  fish. 

Adult  distributions  are  significantly  different  from  the  juvenile  dis- 
tributions  characteristic  of  the  areas  in  which  the  adults  were  taken.     The 
difference  is  such  as    to  sug.-^est  that  the   adults  in  each  area  represent   a 
mixing  of  the  weakfish  from  two  or  more  nursery  areas. 

Weakfish  eggs   and  larvae  are  abundant  in  Chesapeake  Bay  and  southward, 
but  larvae  have  never  been  found  north  of  the  entrance  to  Chesapeake  Bay. 
Numerous   eggs   have  been  found  in  Delaware  Bay  in  spring,   but  extensive 
sampling  has   revealed  no   Darvae.      Juveniles  found  there  in  the  spring  prob- 
ably have  moved  northward     from  southern  spawning  areas. 

The  hypothesis   concerning   the  movements  of  the  weakfish  is   supported 
by  an  analysis  of   a^e,   size,   rate  of  growth,    and  scale  circuli  me<;.sureraents. 
Tagging  experiments   partially  support  the  hypothesis   and  in  addition  indi- 
cate that  North  Carolina  sounds  do   not  contribute  materially  to   the  northern 
stocks. 

The   most  important   conclusion  to  be  derived  from  this   study  is   that  the 
fishery  apparently  draws  on  a  comraon  stock  which  originates   chiefly  in. 
southern  waters.-     Consequently,    any  conservation  policy  for  the  weakfish 
industry  must  consider  the    effect  of  fishing  intensity  on  the  total  yield 
of  the  Middle  Atlantic  Bight. 
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